


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1991 


Evaluating a hazardous waste site : examining 
the potential for migration of contaminants. 


Stricklan, Kimberly K. 


Monterey, California. Naval Postgraduate School 


http://hdl.handle.net/10945/25903 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


' (8 D U DLEY research materials and institutional publications created by the NPS community. 
: Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 
ath 
KNOX appointed — and published — scholarly author. 


i LIBRARY Dudley Knox Library / Naval Postgraduate School 


411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 








http://www.nps.edu/library 























































































































































































































































































































L dee i Dl ie a tee Bi i tee Mow ye he Bi Tk 
~ M avon + (if 88 pede Se 9 BS Ar chy Ve eekes e 
‘ . ee L ‘ 8 ‘ ¥ RS OO. 
; . A . se ret pad v RUBE So HUH wh 8 UT SAEw KHIM AAD’ Ww 
‘ aig Xo q . BPa's om Le UP URAE Le UD WER MOD a yeh OE 
A 8 © Celis on | a sua ‘eer "ah dew ce ort Grae hvavsts 
. ' &® ceoetagn a ebea At p& se *,45 Merrie Nev Weu® Veeorr t eatat 
Ae ‘ sin SS Lem ae 4 8 Li Bee COREMHR A BAPE wre seen HED Sete OQ 
% eh? a a 8 a ee i ee ie TET ah t eRe waa ae Vee b ee @ae. 
iat L a Q teee ADD bees Tene hy ehe te’ Rake ceared ang HET ASEME DED mir TEauies at 
= ey ekon @ CUis . 4 SK baba MARCA APOE gh bo eye Sore 7 ase a 
ae ee * Ome t hae ekLetN eames enya, a Vee Rtn ede hme tes BREDAVY 
, mee , AL ere st graecmakane g : Se ek 8 ey mw et le ky . FUNDER WATE 
a by : e “7 "ULE | oh hua_dee acre weer RERARLAE RAS va. 7 ee Yo he 
: : . ‘ . .t 8 HYKLE Posehn hs AREER. YR Gs ru wt 6 
a4 ® ‘4 e ‘ Ree ae tous vy) ehauaeaee A evea bes ; a 
7 sem fT EAN Sym Frvorage eT a ee ee ee 
s a a s & eeacd is oe ed tabs. WF ast Bae CEL AAU Aw 
o be AES ¥ Py i ee | 
. a ‘ Oe ORR ae Oa es 9 ee rh es Aitanrg & hai aren, ATA 
Soa & aon RY NA ah nee 88s CEM CARE a hew de UT BS mee De 
4 ‘ gray ny TV) Phere ey w Kev Send rob Os w 8 Barre eeee 
° ‘ae , , we "t eZ 8 fe 8 % ethe UG dwn rs PAM eee ee eHune ss 
‘ “9 A ee UE ae a eet ce me NP wee eT RRESDARECRRS DOOR 
Ligne A Sr eAhe ager tees peng Pian g CREESCERE OREO DTES eRe de ate ge hare 
- x ae yj ©) B8PA98 Teese DTaP TAL EAH ED Best PawrK A Sa sae OPES e Oo NeW Y «bd, MBS Stim 
" \. h ~VUS te ge VO Ay RRA TR BN AMO ® bre k Yee 8 8 RAS ore ores Sen 
: oe 4 vane oe t pe a3 at” Nendo ba wes 4 bec vabas s ios re +rets Si Suh Ne Yas ces eh te. 
‘ : ~ We Ue woe) We Wee, oe ee ar %&eF.t & 2 & 7 eee eo eRe, i e a : 
‘ Ore ae Ve (use UU oe akg ea oe ester Lee Oe che eet Sr PSD FLT HEF HE FH het HAAS ceaNe NNO WEG Eee 
. , fe as SE MM EE USS UC ee aR aca OR UR RDU R ed Re AOS LETS 4 ORM VERE ORSNO Rs BS CMAN ES ® ee he ek eT yee rey 
: ; a voy bth FU HERBUAALUV AEN 00 4 Roe Sew ere ee tk EO ee ea) aw Pwws VRoe R. Roy 0s ae Behn ede We beh he BAD e 
: if ween re Serre Ie » CURES WE Me RERD D deg Hee DSTO MOEN LS WROD : eh ht eS Stata the’ “y 
e ey Geek kaa Wee oe ae Wi g2ieh Oe OAL EE Re GO bey FRE: Dme: Oe GPR Ae Me be to Arm eas yD mene 
d ne Pace en SOI eS hee eee wer oe there’ There re. rere tte s BBE WHS BK GY Be BHA REO Ae & ETM D ore eee! 
F Fee 2 uA +E 9 Ena r FRESE MOBS ROH EE UN e ROE EM Ge Be WNT Fk Be AG OS WAGsd BAW DL O6e Med Ree Re Botnet 0:0 h ase ©. eve WA a tom Ree ’ 
; roe a , Ae bel UAE Com EGER PUE TT Oe | OR aes RAR eRe RP Oe he oe ORE et RENE STEHT ROH OTe tre © O10 SHEN Salers Swe STR BR & hm he EO we tree 
- om A * s 8 qs me mene at SPM HAWS ABEhe TEs Ud Mose oot be HQ EaT SETH ESS SEMTVAD B® DR seera eo: oe UH, geet, & hardthed a ih Et ee 
tee uo ‘ i ws enero 4 i ae ee Eee UMe yes ShEOo dt BARAT AS he wh 0. Sr QR Oe tee rere We! Oe Rete CRT HOT EG & FR ew & Gy yO & | Re 
* ‘ Re ah CPR DOPE RH Lae > heed e's pe eke A Ae RR temas FR SESE AMER ADOAER TW AINAHA DOOR Rhee mes & Uda & deentstek bobeerergr’ mingstea © 
, ae ‘ oe ba Pode 4 be mia A ee CTUBHMVBA HTL whe Vali ae Ae ws Woeur ANAS UNAS SRev Oe Sy Uae ere oer 
a * ® * & sir _ 8 wis > ur 84 Wohi Leevenve be , aw «eryue a >be Row ty HAE RO g Oe Or4nd-& Rome ty ALG ES & 
_ ; «ter uae ; eS ee ON HPN EA Ree Daren eesa we Vere ee, eK _esne idee ber & SEOYHR The WO Eee ORO e wm we ees 
é WEOUH ST We ee RD te gat Che wae hae RE OA Aw) BOT ORF Mek s Oe TBE Rm LORE > Rede Oe He Wee BORE eReksioe 
mye - oa i ss eEe 8 Ee AN VOMae tat ey wanes © TRA EEN YS Sw d4 - 91 AS, H O40 Ore FES Oe ORY OS WER Org rere eas 
, e ania’ <n eee Nate R Seitey Obtes.§ MA oS BALL BS nsed. t FADO Cane Med SEe wae SAR AS ter Rise tek. 8 Sm esate Waseencqenrd Ay itr Swe 
; A ‘ ee HM 8H Fee eH OEM UA EROAS NV wee MN GF me OR? a HS Ris ten AC WE Wey Th SHA MMW Yee NOSED, Bem: Be toe eRe, She, 
- ' Ff a s 7 ee %& S86 Peta RVE a F es a» % fay Ss Met OVAP RG 8.6 ede beanee®. & 4 a OR © CRs Mae te! QUA. BH Sets w % A. Gate sates Alea 
P 3 ws De. oh oy = 4% Ses ee ee ee Soe We OT a Pe Oe ey BY s hee tS LY oe te ee ee ee ee 
: ‘ * Li 8 “MPC REFEREE ee eRe Ome © & Ara BHA Oc BB ee GHA Ge OUD EH be HA He Bee Redes Oe EEE & BwE eR b- Se 
ine o ons V » & ok ee eS Bict so Be were Ba 8 TV tee e Reem, 8° HReee We laBeli te Wee HAD Ameer we Ee 
2 ae a oO A Ss Bee Rt het teres y 8 vereee f mm TM he ORE Le OR LO UO on teg 040 Oy, s EEE Te OM ROR re hang Be see we tere we Deh & 
, ar i a%& % “8 g¥\. tas ah ee oe PVR e VABERST UB AL QSL Pas PWT 0:1 ee 8 OCB eve, SSS Sone Ow Ale mremated vy RY < & By Oh We w& bee eS) Ore" 
wie A Pte ' bl aler tei Le te A We dete teee tee ee RAS BOR OEe oe 2 ea spt BH "RU Be eis Ve He Be AAAS 40 eM H9de Q Ree Beene heE H NeRn ee & wary 
oa ’ cy . ’ 4 a a aro a 6S ee. a a a a ee rt a ee ee © ett a Be 8. Re Ri Wot tH BOO Ret Eres em He Wdmeiare WARS OD Melt Ae BE fem Oe 
® + % & went ke 8 Bt 8% Sar Le oe Had p whet wh WA aon t os © | ty 0% BW To fe OF D Beh. Oe ee twoe w She anodes e en, Fa —s ~ 
k b * t BES TN hs Bs Ord ecage s®deczessWeesrsa uri Sewers WV Ryo cosh Bee Lee £.p eo ® AR Breet, Oe qumeee UE ELE ony Merce Game MN 
‘ * ’ a ee Oe 7 Br ee CE i a ts a ee ee i) Bee SEPM an ds yee Eel Toh a6 teh! a Sens man tyne ® Ot =) artes te, heer oe 
: * ‘ ‘ a a) ee ee ee ae ee eS Pak A A SYA SUE A REE Ny BH Oe oO EY ANTE D&E OR Qe ein oy Reems 
. f a ‘ « : Le he | be ’ * 8 aha yo oe ee oe ey eo ager a & Hers, he eh oy ee on a ee ee SENN UNO, Ree 
P . oa % ) a8 Lee “ys ani 4 & SH EUVMe nee SVeeos «€ KRLeeeBhs Vause. F . PANE MD WH Ages hey © AHH Sew By OOO mG] BaD Oe, Mee aay BE 
>>> G8 es See eh sO 09 - PUhy TF VUHL A are & OO 8 8-0 BS sete ae bb Uiiee Abad tenet, teed odin ie betel 
, , V ah te a a SER S2oh FOF Mame 0 Hoke 6 OOS We GS Ut Og, ; at 2 ENS! O99 Se Nye bw & tea Meese ll SER 
. J % Peeiea ee & ee oe ee X CER Ch BWA DD aria de mt BAD Optom & Oy We Qe sw fere Se Dain ee HH, Oe Oe Qh mee, 
& e° me ‘ %. %2EE2 Rad vc Lie » 5 8 HTM VOGUV ag Be Bese WS Border © We sha Pera 8a, Oe ee on ee eee 
.\ > tS = Ny 0 Be eewe 8 86 br Reed Te 8 8 OER he OL HU CNAs MOP ke Mere ORE e Bree em tia awe Rts USUGR phn te Gre Hae enn Gealee 
< A a <r & * a ueeee Oe e OE ewe Re tees Pe OF AA CO-n9 tH Sa SMUT S bee bch ie Mn We E/E ects ¥ 
M ey y 4 . <n ere Cie oe Re td ae te Sah tt despa broprentr ipherk Manta hare Nevis teeta Levin ee HTT WAP eee QQ, 
: Veet Che Beans Fe GREER SARS Te tee Oar 8 Ok wy wt RES © MO NWO By WA WO Oe Be) AR DEFE tee GO Oe Bini ay 4 Ska eyh Oh em yee eae 
x 4 ¥t oo ae ee | CREB KH BRAT MEE 4° 85 HD Ke Bee We | Hd Te wh ae hegre Oed bY PL 240.1 BOWS Ae OTe Ghee Be | aa beere & Oh Ot 
* 3 s ee % ‘8 @ WA os aye 4 be WWMM USE CHER Re epee 81k 2 & a HA UAE Oh oe BEIM «© Br eem es Ma oth es he ke 
/ ya} Sp ewe he BAe 8) Oey be eta 6 he 8 Ok eek a Um ele mre sek ki OOD PHS WR wer hahaa ema Met heat 
% > *h th 4% ave re" s Gh ae SUR Rh toh git BEY YS Goss by Mh Oe Sy eS EAE We PE LM WE BBS Ore Phew H OA ON 06 OS OS RRs © Ob he PE HR, wo 
e rN % 24 Se FR Os ges BUSEY HHa p Beh Od BET Who dee WHOS 8 EO dee VO Bet, Pheer me te tete dt BOWS rhe te te he et Pe Hikgeeqnese-& atereee LS mews 
¥ % ar a * i et ohee ye Ss & ere RES & & Or OS WEVA REV OEcaheape ai Hae eke HAs ceed, w dy week eae we =e » Marts Sales W Aree 
oan ae OES a Ss hime ee a a ee See kh ee TL Poe | te Peete Set $2.9 eh Ae eS Rs Ov Retoae ents Dartedse sacks hs St trees Sokaerce 
hs a a ie ee Oe be mee Yeh & mS ER WEE I teas BR Ee WA 1% bere e be te Re estate OF Ny Be Qe Ona am, te te Sen he Agere a. 
: 1 Ae & t WM SRN E RD Be aF Ydat UE WER Fe ORE me drm mh WAG ae Be Oo eee tare On OM Seem Oo tsd Dray OO Bn ee We hte te te On Ge Me Mery de Sep Gri D-H he He, | 
‘ ‘ ae . SR UN wt va * tate ha eh a hme at ink te Rh Woh ark See, ope ites eee Se AD gman OG BRS HA PSG Moyen HRSOTN Sb ler Ore beter 
‘ Wok, &% \ & we SS OS PAH ehh Med = Be ae b, QaGey by eo. as OB Grae Bd Od Dek: yy he Were h: & O68: Qyane 4 rs aay ty Sch nly by Ts hem: 
. ” : yD ae i OE we S ey hees NSN AL HOD banks tte Tee ik ak eae ah nk tere tinh te hb tons be Ath Sek hh hh oh oe ee 
% ‘ &S web wean Be wh Hy Bp we Vinh s gee Ne 1 WS eh O > SEY WHS. Wer beteh digas uy (wane tew es wba, ee ee ee 
NS t « y thes , 4 ‘ ’ Dye stree ey Fw SMe tem Am ek 9. Hae hy ty er ay & : a whit bot i 
: ‘ nan whe as ¥ TU Tee her ge et Ge Fe LE GAR a tetrty PRPAEM HWE WENA eh Ve LATER Debye eA ky we 
ae ; F ‘ae Pe ARNE mjares S aloe onde tah By ewe % Jas BS He WON me Re Prt ay 
. & %& « , ~~ *»® 2 ’ 4 BARE ames rn ary “me gal Oe Woke fines) nats ter OQ ome BEN SEY bei do - = ‘- ‘ » a 
b ba " rY 1 we Mee Oar 'S > Aree tee wel | a ee ee ty a & Tyee Fe ye we 
& ¥ ‘ » c) % Vee Wine G Uae ks t BIA Be Si he Sede HO pra By Gy & Ope. ©, v- 059 Oy He HUE Wj UO doe a : I Me Ny 
. - : at} cae VES SHEETS SUVS SErthus Veh wed’ Shs wet eww be We Me URee CVO ees eet 
; ae MES ES | te BUS vip PRESEN e CRORES Heme ETD OENEELS NE A Meme erie pete ht Pemeey pee VT Leta 
ee , % pie e wae aout > F VENE B&H BVMSYMVOYS CEBU UNE BME EL A heeds HMR M then ke, tenets eh 
‘ete at ‘ ww Wek ay 81a ew yO S EE) THUS MESS Yee hehe uk bee eke SEY FRYY CS pr-w: 
A ‘ ® * “Bee NOUR yh uy esd & Rp eM Hy BoM NNO Gee ey GAs Ge Sees ow eA ; . 
7 sia oy . , > ee eh ee bh ee Ce tT eo ATS We Ve tem, tee Wee yt [Ree beae he fie Ore We io Dyed Ones 
; bt) * X ao 4 Wy SE mY GW % Sy MDs wrt SPR So® Seen wy tea te fre ty Ost 
. 2k wn. he Bua tty Sa Behe fy Ae HWM deh, Ge iE: te Aner. Beds be & 008, Ror pf gad be Os Oly eye 
. > 8 & Ne teh » he tore & ke eye te Sy te BTW bg Wh ©, Hy wy & vd, a Ns > bb 
3 we 1G hee a ’ he oa Mee 4 tom, + 40 "p Odea am Fe Sh > @ whet. ed sac® p> tte 
. te >>: m hee Ye eye hoe w WS Hie aay a beh le ee Ce mos ig BAS mi fOnty ly Hest 
“a % ghd dire BAN HYP ROAR CHM nS SLMS Vbevkeetnuye ys 
uv \. . a PRwelLRt we eV Ne i)  a-tee, | "> VEEN S VS shat 
. ® . *% p° 6 LY wa frye © Sy & RO bee ee en ey ee | 
; ’ . . SS Yh Sesh oh Uy? VAs Pep Yy we ee yes ory eek very GR SPE I~ % Gees “™ 
y a Y 2 a 9 : ety =& Dn rn Se Tee Bote ga ty Se Bs Ask we may ees eye se > We she 
+ Se ® and we hb Ab act vague sts « - ny hs to 6. . » Soe be Sete he Oe * —e < %. ats 
. ra a ° oe ohn of + ey Se > i 2% are yy a ~ 
dl ‘ a <4" ‘ » 4 » - Un s a AA \. A j “hy Cee * bP es uMNY'S wei ee Ke Pic at : 
7 ® * es ar ny ue rq »% ast ra Ses ps er? s 
’ r e r ' fa F F fird 2, 2 
, 3 ’ : ! - : %, ‘ 
\ Sk = ; ‘ A a) 
r .Y wer . : 
a % ’ bi Sah 
' 5 : ; Rew OY 
‘ . ~* ‘ a . wy ¢ S> * ev’ 
' » ee i 2 9} Ge .2 Ta? > 
J - " : y yey 1 he 9 
™ — Lan _° + Ve 
NOS «UY ¥. ‘ ‘ob ae 3 
bd i « a J a” J, 
te ; wh ; 
® > " % aS 
a ° J t % . en 
. ce Li “a 1 >A +3 
‘ ‘ “¥e" Us Ce 
’ ‘ te o] ’ ry “y" » >» 
. Mu, J 4 30 «, Co 
, sw Na ST SMES Se ste 
” ‘ - p * 3 ip gs °R Boyd 
» ® » al Pt.) eh ® Land iT) 
4 i , ¢ , o A ° 
‘ F t Poe »~ > “Bt, TSS 
es. e ae 2 we eT SS YD 
: i SES ae , x SS dk bs ahs. 
$ 2 P| < a 2- 
e ¢ e bet # t oe % oa Pes 
, ve ” J {a ..> a 
‘ “ * kk ka on ft ; 
mee © sd Pe de: 
. a: e MS + ‘ 
e ys ' ® 5 3 2° s af os : 
at 7 * Pm Py Ss, 
= ‘ © nw e e E 
' % » (a s, i. aie eB 84 
oe ee i ry 7 ~ 3 2 si ot few og = od, 
* 4 > Pee . i sept. — 
- . v » ; : s bd < oe ia "ag oe ts 
: - re She 
‘ % F ‘ . nop * ae > we? . 4 SO RR 
? e - ? ; © “ ° s 0 Yo seo Fie. gs 
é a) ~ . € oe ‘ r) an oe aE >. 2g 8 > oe 
od +e . i is ~ F ee we RP Ps ote HE OF 
‘ 3 yr gies Pl - oe > - 7 . . we neler s 
eee Ph} - dey we ray = oe Ry * F Pre PR. , sano 
. e : . o peel Ye } ee ee ee « OM ae a4 at Jee Rew» & ba A 
’ ‘ #4 af Poa at te a 8 | gh ow PY te a o? 4 - Red eg ’ 
Ms + me ie, bic FO e, 6 & es *4 2A ef mad — . & ‘ a 8. 7 he 
. ‘ Sort ? . . , we ge o weg a Mere ok nh bill alt uel wi sob e Rat we ore sos ; Sak eae Coe le 
° a ' tne Pe ere Bo ORS ta eed = 7b thee ah, Aged Beer et 
we 5 Pa : a oe =b > righ? ae: Come oP ow se kh gy 3 P A OT dating = 
Y . ' ‘ oa te ‘ = PIO IIE ao ween Ae a atte Pome: 2 weit mh wd Memes by Sgn? 7 
. ror «48 ce # PAO BS pie pre” tab pie Pod GUY t-te ai ritle iam MEI * : — 
‘ ‘ ve ‘ Pan) $ on Ao, waht 26 promt FA hen mEre 0 erie gp gue gn SE ES CEN EP g 
: vt e G e AD Ge Bt A 2 ee | Caerle ee AML, 00 OnE OEM pil amg PFE Doe ge Pp eas 
Lf ‘ . ra te r f re Peas, % Peres & EOE RINT © Fo Sep Pe wre +e foe mas 
Y f we? 0 ad gage r Fe, ORO OP Rat RITE EH mel ee Tee BT gy lat i tat ate 
Jae hit 5 5 MS . ° Rigs thie catbtintint eh hapthincaahal of fetta ook te dena de dae 
* r eof ee re f DY Ey Pee ees Or Oo PRO At OWE RIP RP Oye eK ORNL SPD es ae we 
~ rh ane . ‘ a ae roe ry omer re whe « atl ede ® ir be omer eh OP Kew arg 6 pm asae ke POR en, = ie . 
. re « ed ° calc ge “a Pb 2 PF wer tees aise PAGE ROLE OPO EAE PLP EER IPT a BOB GED hoe pp Twp = it & 
7 ’ * e we fb me war 8 - ~e ee ee ae Pek pase a va rk n weet ve a Sabre ghee aa Bt ee Pas eI we er gle ngewe aid 
. P) a Ms - eps , ee oe pee Sw ire ah 2 ol mae ay ae O80 Fd ee ae Pep ORS moe ate HP MER FEF hee 
’ ' ri - ‘ Te. —r orver & rine ».° rag PED D> ts one beded Gone, ee be wp fore shen fh ange Oe (Oe Fad yr Mg 
© r 1 seem, Me 5 mee Fetes abe tet pO wR mb ad 9 tay Pte Dat f Pe R wpe WEY WY RRM re MN Op 2. 
ll ck: * 4 F * AS ert me trae Err VF RRR R ENT BED DE FEROS BOR Oe AP Ber eee POLITE Kin ep 
' . = ry - ow Pp oe. CT adh Pe Bi let ah Moe oa le ek olla ok ld a etree all 0 atten etek sling ad ool Knell cherries eliake Gs Mee onan Fe ee ee ee ee i eee 
. Pa ? ‘ ? a se¢ @ . ae i Ore PY & Boer FG me Das) OH P PAR ICOM ar HUTHD! Bebe Ont mee pth aoe i SETS OPE FOF Ter 2 
‘ eo =) 7 a oat DAE di dl wt ad £08 ee DSP LED Wy Btw Pl yemer Sf He 20 ED OPIN FBP GP OI CD A OU ot A OLS E Pp BEL GR Hi, 
we if 7 ‘ ? ee, ’ T # Md ye ‘= = ww r FLOP CROP OY MOP Fe AP PO & 6 OF =e * Oe PT 1S POP N90 OT LE Prt lea od RE we a 
‘ a a 1e ret . i of bala Te evorer 4 PO GP Oe FE OI hE arin re ie weer @ OREM gin Sgr VT BF POPES Ol 8 em a 95 Bo RICE PD PS PR Ma, 
. ‘ . t 7 ¥ 4 r “oe (wr ree i Pwtrarie Sel ald el fell lid cel lat ad ol os A eld Mahe ol 5 ae all Jon a adh call deal, dectdemaentiin Lal’, ie A an os dinate he, bane 
5 a o? io | ad 'p Ft wp @ + 96 we wre wo EIN NG at SETI ORG PRONE Le ge OF G0 CCIE Te yt etn ae FO MO FET IE Re AD VP mo git OO ge we gt Drgte A P sree, 
° . ” ae ‘74 a mip el ee ’ PDR R IEF I! BN EE OPAPP SET BOE AID OOP GOR" Coe Oe Ld tee et oe edoadl 
” or b ae er op =r Fo AI ee PIR OE ONT OP TE oo PROTO PT PEER AP PUT 7 ate oP Pr Rae IO BP BP DOL LO Pr 
LU ae ¥ te ” re . Me , Peo sre pero res oer ema pg 0 ovle RD PAS pete PENT hac eae? Aor a ae O ele a OG PM on ww 
2 af ro PF ne t ro. Pr SS AaPvvrye irpmor B08 OR Re RE Fe G8 pl! MOE DE PEE PE PLE EP Ae PF ete wee pe CARER Op Pram en 
ld tf ‘ J ’ . - errrn ie all e Fa eae 49 Ce ae Me ee a se ha eT eed sea ae et a SOE IS At Pp te 
: ? i . 1 9 PF PME OD TR HOP CD Pie 8 ORE FOO PM 02 ORR HEP Pd WTAP Sv PPP 2 Art CPP OL PARCEL SERGE OS Ha PO Ste, 
| ’ . o¢ os Pe ¥ vtee FP 8. PETA Pe PM FRESH EF FF OP PAE BORNE Port aera 6 7 de a OF dh & BO 24 Beye DADS RY Pag EA pe EGR MW EECA Bb DP 
. * é f ~ cor] rent enw OP PWR Yee he pe FOL PT PD OLS PF Oe PPI I NER pss UP RR ET SAS PONE Hyg We DR 2 hip BEEP GT AS he hs 
% ‘=e 7 t ‘2 a8 RIOD PR PT ar ee Pret he Fe BORE! BUR REPEL TK OR (LRA RES BA? Fs CK TOR FOP. GH OR OF ED a ae ml 
‘ 1 4 n wa a rid Re WIRE fT Oe re PE EOP PION EY PEON ROOM OIE PTE FO AEF Sr PONCE BOWS 6 POND O.40:56d PRP ASDA SOY Ves 
‘ ’ ieee eS ie fr «8 a 6 ¢ Ue a = “Per 6 a tn Se) OV OP OP RE FPO 2 ETI BPO P BEM R nt oe eds PO amo res Se LG ee ee Bre 
se . . Se , ‘ alt * ow A a ee A a Tie oa De ee a ee ed ahi el etd biel aded chad a aloked dart hulk ob ck ukstidokekas obec 
! ‘2. $ ro ‘ ’ by >» > ‘ é > RF CE te Da oll OL EE A PPR LR PO PR EPL PE FLEE OPE OCEANS © TTF Pe PIP EAR gs FE FS te ee 
os ae lala . , ' a wee pd pepe © RIE ptseT eae y OD OPP MEE FO PW 8 FARA EP LIE GLEE EE TR OAT CES OPE Fs TEN BITRE ROP? ETO AE 
Cy Pett Ome tot rt par we 8 wee Oe Se 4 6 erry vt fw “ey WES 0p RO} Ss free pt FRI PEM FPO LOG POW BF 8 OP B08 THR Da Sent eS gt We PT ips cain 
twa 4 ; Cit! v r ’ mR 0 teas a i a a a ee ee ee er et a ee a ee el adel tht al AT oh od oh Lal of haheadt atonal ot ch vad bt) ‘ak dhaeteal’ ae mon 
: * ¢F 6 cos (50) 2 een s 4 tre ’ @ « Seer we SE FI ee BERT MB De mI Fs OAR! er Eble OOF gat RF PAT Re HPT 6 oe TAs gabe Pi mw™ PO A A= ee gt o 
¥ . ‘ Pi -* ¥ ry ys Po rad a I | Bods ll ee oe ie eo et td ik et ee ee ee ee ed VR ne ee FD 60 Ot ODP Ve Do 
. 4 ¥ ope we ’ F Aye vig PPP Re PRU my ERge wre FR ete PVM UR PROM METRE CONT AER PALE PL LAE I METEM NDE RP PP He Dae ode 
‘ é = * $-ts et a r GM ae ee ee ee ee ee ee ee ae Oe EY eee kell od of dlc hod ddl da ada miehel mumhadethadl a alod diay ad had oo dhe duns 
2 ‘4 ' J Pere ow ae aerrsc hy PO eH pin Er ah eo bre OU rel 27 19 wee Ta Pwr. 7 Oey er PP A a OFF i PR 2 OD bp SO 8 de Pe wegen Be Ob a TE a 
f Te) os Tee me re fe v. ; OPP PER PRT OPP] NSE FER oe! TPT Er OUT Pee py PETE epee pep wee Fo ae 8 at at ST ae pT uae to 8h 2 ao Pe es 
. . =e Te tee ' . Se ag ERO RF ei SERRE Tae at ate NER WR RD BCT OTH PE Poe Fat DF OSE RD EM AE: FERS a? FAG PREP WET an Tala 
. . : rs 8 ’ ¥ Slt dae rp 2 PUP MOF PIKE PL SPOT BME PO NH BPH 87,6 PN TT REO UEIED ct! OM GOMER? Pe Fe OP AOS Ht OP 0G) 9 EP GE PIP PS ot pate POT SP pont 
, : 4? eo 2 He UF Bey CU eee Me Ce ee re eT ae ey Sal OE a al ee a ce a ad POR Fe G8 Ei yh Brag Pages ert ep Porte 
es ‘ . 3 % , WP wes eerie ret ve PL DYOTM Gs te Powe agAN Te gr Gd Hh ME RE a PROM fe anir 2 fe Rm IGT NT a FP PIE mine FPP Be Rea eo ep a 
’ ’ ‘4 ya | a « “rr - se Pre Ne ee 0 SR Pete. tte Geese eM ee OR 92 OT KT AW Pee fe Vl ee wo ar ie SPP DLP PEP OS a = ere gat 8 PP ae 
4 ‘ we fo eh Pa i ne Aoi eee Mee Meee ME ek ka a oe iy i eee Sal eT tel al liled ahead cad cick alit dlleed avadial temuobertens PBR & DEAS AP 
s f ‘ i ‘ Us 2 epi oe CE DH Fe FORTE Te WE Le FE URE FOP I FF Pa ET PLMOVO SE FM gt? Bt Fl PR gt BCH po a1 SAR ee Be 2 HRD REA PE PIEL PY ote s 
’ ? st ae | rerny FPR OP ow 8 Feet MS ONS UN 2 VINE TAGE 898 Cr Ae Ne i FEM DAW ape PERE SE ALPE et we 9 i DRE FS Pw Pe AP 
’ '*? o) ae ed nw Fe Be a Pap ge TENT gi tees FET RO DPOS FART FROWN BNF a WP! FOF SEe MSF: ot 9" 19D aCe Oe. CRE FORRES © ARES Ie EP w Pia 
© ? | ia od Re Pie MTP ye EE pO 1 PD NO pep pete te a se ela pes EP HOF OSES I IS OTE RTE MEP Pay ye Tm POO Ake Od Go ae ya girs RMSE ARO a: WA pa 
? ae a8 #& te, peete tree PO PO ER ee I RR 8 FUR ere Raton Oe PUT Pe DOP 8 PFW TOP Pb Pye Wel? FoF NEE OEE SN AIP MEM Bie » Gogh Pm lire Ee ws 
' ‘ r ‘dle 4 to - dient ‘ VRC” PRCT 25 POON ERNE A Tey PPR UPR RO WHNTH AE LPR MS DRM OF PACD Geet jn 8. POT, Oi 4 RT POA MP 


. F . 3 ¥ > 
r te ry Re tee 2 r% AF |r eeytpeneteerri se? e ER: PEL eT OOK we ee OF PF! ZEKE ML PR PEP SH Fp ge wig WT Tee gp FOF? TE ge a* 10 er Be egenhs Pepe St Sl a 
" . s 























: ? ae : ; 9 ae . > & o> -2 $2 omy hep pe MAR MEE? CPE ny My 6o Pm E Be Tt SPE PCED pe PED E BAPE AEP APS ANKE REA SRE PO PORT oh ae wee 
‘ ‘ FN WL webs et - £394 FOO et Re pe GQ ROEDER H ee POT era er epuee eek PIO PMI A GOR TNC UOMO bm ge EI Be OT OUT RS? A he PDEA Et wee! aah > ahem CEG EASA IAS 
MU a od ¥ ra ¥ rT BE 6 WAS hme t Y we ree: Poe ini pla epee irdeto Pode haleniea onlorbestplegin Tit wehbe Teh PAOD Oe eh se I ee 
: i * wieg Oe ae mel a i i ee oP 1 2 BROT FE FF ORR A OE ROTTS PARR Fe Sha PMD PAYEE HHO FEY ard FP UNE De M's ee oe Levee A PPP EE FT re whe 
4 : * ; s a Fo EG ae NE MER ET 86 UW a HN OG ae ee OE BTS BERL a EEE ORO ET AOI RPE it Peer pee 
: ' > 5 , o ate re a) % PEP PRP OUR PP erate For eH Fig MRT CSE BRET DRM AML Paine by PAP NR Tew aera OO 8 SI aoe Dew 
" : . % ~ = RT ogo BT eset Bae EL SER ROW gt et IRE WP ee or eh RIE Te Pe WE 88 TTR AY oo Sez enh, le 
te ‘ € a4 \) ra Fr bs wt) He whe OOF Se INE F996 Og Ft BP WOW Por ONT 20ne P TP PUNE HF ITT OH FUNG PIE PDIP Oe 98 IN Tes Sep (PRR Sar a PP Vie tee Bia re Fe” 
. ' \pre em «6 Ve PRE rat Yh Pree RTO OI Te £ gig QUA PNY PHO Nee QWER KYM 44 6 Wier prin yd? at dee Db PONE se LEON) 
J 4 s ,eoese 4 PORT ged 8 PRI 0 Bae TRIS TRF eh ogPe er PI ITH NPN FUE ye bee P TGS Ort er eh BURIED RS hws Op ep Are eR aS ww! <a 
* - t] io =) ad ee Le i 2 ee) WY COP MFP Ah oe WE MH wy F PHN & ering a O'S aH SUE DAL pe BNET 2 Ay a> dP wel fet tea 
' U re ‘ i a bre EP ; oe Rg RONG rm ge PER FOR HR Bee 8 Oo PDS FH ahTO D PO I PG! Ral Oe FRU ey AS BF be RR IEE TEND aig de PSECU oe: Seed aad 
r ’ ‘ i Tee 9D ee OU RIE FERED OF ge POE RP CRO oe Be RT KON FP ETCIU PM BERL WP 4 PON HRAR Pht SITAR BONG HA et OA PE F Gti h APH 
ue , ; 9 8 Oe 0 t DIEP 6 ga DES Fr Jap LURE «PMT TYR RD he Cee PLCS TPES LYS IAL EIN PORE ipen ash N Bee PUTO PORIW  y 
ry ‘ ‘ - 3 a oe ew ee ee ee ee A ee eT Te ie nl X Meee keh bled ak ad lied hol ul of actual: gheleecend diied absict 
: 4 , é ‘ ~ Per es DUD a8 P gO Pt 208 UHM TOW He epee a Pep Naw 8 b ar kh ord tenses: oe OF i ORI ie sto? FO” GAYA po ie one ee 
: ig I ls Legale CEP OIE PR WPT Fe PF ET TORE DEY BU ANNE ELH REPRE EMSRS IO eee FO Fh A a hg oe 
: 2 : ; ® PEP TE Cat Re FREER ka tery Reyes FOO REP NITE PREM RP FE By) pi Pahynoin alls theta eld ple We ciolret) beplcchedls) op, bae aicclh 
= j Lae ¥ w@ a Mt PERE OP Ps ED TPT Pree bade’ picthartl palette gh wantonly ar vlan pl gg glist yD Fc we ob 0 TE are Fla ON oe Phe hy 
oe ‘ i i ‘ iy s ore | tr were Ul ee ee ee ee ee ee Pe ee ee EDL S & OPM Ae Ee en ae le Pi y Ph we 
. v8 i oy ® 7. ee ae add fr wt pte om 6 Uh PRP heli fee Pe OP RF ae DT THM MONO IT EHH BRA BRE NF OP PIR VUE I FORTE if PE het pe oat 4 4 
a 1 ° © prt OPO Ce OP ah 8 Be pW ed ate Fy pi ape wet Bed ep MYO RL F POI Rl hse Od IFO ee ew Dh Pee OMG SEP ENE pw PRIOR e: 2 tres pring 
Feit i & te he, ew TM A LE Sed a od eas a Ce a Oe eed Sain abd ged deans 1 are es 8 ee i Pele Fein ae Oe ge Gat for 4s PIE tae Pe ee 
‘ a ’ ” fer 5 VU WE PO ee Ow yey ried 6 Op Foye Stee gigeer mh Cele gt Ol Fee EE OP REY TREE HY CH PA VUE yg TEP OG CIEE ee PND SK? FOE ere Oe 
‘ mM | tT { pee pF pm OTN WONG Felel DP Mele epee he pK NER RTOU RH NT HS te F Beek eR Be perry ya Gre Ce Figs OG ENP FT FORA GO FoF et Re HE PIAS Oona 
: ’ a y BPH PR 8 PTE Re Be OR MOBIL C RD SARI WT I FOU BURT ee ROR AOR AE PTR TEN PTW A SO ee 08 10h ge Om INE 54 KOU BEY ean vot 
t 's $228 $F FOP W IEA 9 OF RE EDD yah oe OE GATOR BTM Wy eee OMN Rt arts iy ste! Seaway 2 ee ee ae ee ae en ee ee . 
° % ® ore eves pene Ts PORE Rhea paged te Re peuedad EMT DB h One POG em he 6 FF PORN TE BR EPEAT RE FRI T Cle? TYE Po R ID BG i IIT pate Sete ree Bor 
e a fr PEEPS oa ee Ae Ee Mr te pre £08 O97 5. wim ns we Sirens Tale VLU Pee Dap wenn onal ea Pee Der eeren ee PTI OE 9 OF TOGA PNAS rent 
; . ter er oat 3 i tmperpem ge © 4s oe Demag ere OOO Gets reper ee a ee ge al a a A eth bias Ei oO ee WU Oe DFG ww? FOE SES PEDO 
‘ . Be rr aN pot E eye 4, et ee a A eee ie fe a ed ee a ee ke ee a BE MMEROR eFC Wi Ff eee Ra RSF Ae COR Ft A el Ler, CREEP 70 ' 
= x ‘ ' ¢ pe Fa8 os 6 het er en it * pomie: bem la ofie-eG PP ore pebaerndabe mp Rtpiaed grert~; PUG WG PTS 1 HUES Bos BOE DE eRe pry Tp Rey TLS Get P| ae ne, 08 RED pate 
ats : ™ ¢ DO a TONER TF FERS el YM Hep GOT ote Poe RUF Ee Pe OL8 Le Fa TN RW PY Ee 1 A OT 5 >: Es DEAN IA rew bl ciple olan gp Hie ciabatta! wt ans 
* es Tee Geet perry tte e O prterly ve ve & re te WHE Faw pee wet? Pode yh ae Bowe Ci Ged HWE Cte dD SH WDTRSPPTAT IT ETF WOME AVP PERO LIS P OST ae Te 
. bo ‘ " vd oop et yee CRE FETS PRHRRPE PTOI PR & nk? a8 9egelg pe pene © a0 er ere gre Pet» _prpomenpe ley REM PS Het PSY LE REP OPE FF RREMEDS 
‘ ? Pha | ’ ' @f s ie Me A ee ae ee ee al a tel) oe te Ley oe de hey ded Dol Be Uk ok Skil eee / balance EEUU FONE EL IM 1 ROMEO B Kw 
is ‘ ‘ ® ee od 6 bom UCR ¢2 ORE RERT TN © FE rte PRMEOOMe FO: ype Pepe nly np REAM 9-58 Se Ph TP HHI Fe Oe aM Pe Regi 55 pepe art Gem oyster Bir ia > TE Ga Bs) sa 
9 be KF yo 8 a C06 Fee eg mae Bit mb OF IE] OM Ed bt. heb prmiApTActes meals pgp Diozect npn gat bese bemoan ron oe DAN” PB! bers: 
1 ere oe hs r) i pry Pe PO fe WLR 1D A ROM MP AT HT Wet BaP Mews Pe 2.0 & # Fg FG es pe SRE TUE MP ee BSH BADE ari pews 
’ ry ’ ® e ? ry poe? 10: gt de § of tig ft $ 6 weu-w oS *'RS he ripese Ds 7 Pin Ae gpa Pg preipe os eR Son ie Po veEs Tdi we S prsteni came PPS, ee 
, ° r a ew Vn Moge tt g Pe Pie ah Orb) pe Bee re er petit ey Pat Ay yd Shah OVINE NY Oe $b PORE Gin he GOT OM & (MR PATA WR Pore yh Hor, FF B 
’ Seer é | e £ : % ae To teeter a Te TOP IM gen a ier re fp Ri Beoge be kart: Pyented: BY re 00" Ce ee Naa vert praemets a a tmeenns my 
e + er * pyemer eirs 3 LA WP Ge eo ee ae La Pet? BF SEI PF @ OF cores LRN aa) rs he eat ah pa 2 mr ier a aw iP? geet 
° + + or : qrt Haw qord Uy Teoh Pe Kamer’ hp Ace ee VS ROT OR LAMPE WE Rind Bint Eee y LEE REDE DG MEP REPS Fn eae 
F - eep ¢ $9 Come dda ge bk Gre & arene year UM) Aer gop twtr ie eh Grttn wey ee Ph lpabenlate irr paid Ac ye eg pnt perdi ea 
‘ é 1s $ i toy ge = t ’ + rite ye DOGO Fe VAL RTN: oR SOE Oa aE a pres mS awe Ca ea oa VP OEUAZSE BPE MPEP ROT DIRK S 2 BGS a 
, 1 s) f Sd pie mp pnp ; aes Fe rT ey SNE ee a cn ca SG anne ade > Ts abainaecoe ee ak Fe ss we 
, ee “a C - 6 ‘e & Bae go te: wr 19: eet wr =r eb. ry Mee ane ate gr Reope  rete hs: U Se 
= PP 2%, bs Sal 7 5 BP sia ho ae EOE HN 0 hoe OPE We TES Len 4 tees beni Oa a nan eee pA A ge ndrnagh derah side nm Pee eS De) Go 1. lie De SA er (8 














EVALUATING A 
HAZARDOUS 
WASTER sik 


Examining the Potential 
for Migration of 
Contaminants 


Mh 
GCG > 


Submitted by 
Kimberly K. Stricklan 
LT, CEC, USN 








EVALUATING A HAZARDOUS WASTE SITE 


Examining the Potential for Migration of Contaminants 


by 


Kimberly K. Stricklan 


A paper submitted in partial fulfillment 
of the requirements for the degree of 


Master of Science in Engineering 
University of Washington 


November, 1991 


Approved by 


Date 





TAB bE Or “CONLENTS 
Section 
List of figures 
List of tables 
Acknowledgements 
Introduction 
Background and history of Site A 
Contaminant characteristics 
Characterization of Contamination at Site A 
Surface water characteristics 
Hydrogeologic characteristics 
Summary of Site A Characteristics and Impacts 
Computer Modeling 
Modeling Site A 
Discussion 
Conclusions 


Works Cited 


Appendix I - Chronology of Events involving Site A 


10 


i, 


eg 


37 


43 


46 


53 


78 


81 


83 


85 


Appendix 2 - Sample of model input data and explanation 87 


Appendix 3 - Sample test run output for USGS-MOC 


vot 


92 





Figure 


10 


Wal 


12 
13 


14 


15 


16 


17 


18 


19 


20 


LIST OF FIGURES 


Description 


Remedial Investigation/Feasibility 
Study Process under CERCLA 


Map of the Kitsap Peninsula area 

Map of Site A and Vicinity 

Topographical Map of Site A and vicinity 
Photograph of Site A 

Photograph of Site A 

Map of Site A Historical Features 


Chemical structures of Contaminants of 
Concern 


Soil Sample Location Plan 
Surface and Groundwater Sample Location Plan 


Graph of change in TNT concentration in 
groundwater 


Map of surface water drainage at Site A 
Photograph of Cattail Lake 


Photograph of inlet to Surface Water 
Diversion Facility 


Photograph of Surface Water Diversion 
Facility 


Photograph of exit from Surface Water 
Diversion Facility 


Photograph of the Hood Canal 


Cross-section of Hydrogeologic features, 
Site A to Cattail Lake 


Cross-section of Hydrogeologic features, 
Site A to Hood Canal 


Photograph of a monitoring well at Site A 


sea iot 


10 


LZ 


Zl 


26 


26 


33 


34 


35 


36 


36 


37 


38 


39 


40 





21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


a1 


a2 


33 


34 


Finite-Difference Grid for computer model 


USGS-MOC 


Particle distribution for finite-difference 


grid 


Map of Site A in relation to Hood Canal and 


Vinliland Area wells 


Finite-Difference Grid applied to Site A 


Color Chart for Plume Shape and 


Concentration 
Concentration 
Concentration 
Concentration 
Concentration 


Concentration 


Graph - results of modeling at observation 


point one 


Graph - results of modeling at observation 


point two 


Graph - results of modeling at observation 


point three 


Graph - results of modeling at observation 


point four 


Grids 
Grids 
Grids 
Grids 


Grids 


fOL 
for 
for 
for 


for 


Lv 


test 


test 


test 


test 


test 


run 


run 


run 


run 


run 


number 
number 
number 
number 


number 


4 


5 


oy 


52 


54 


D2 


60 


62 


63 


65 


66 


68 


70 


72 


74 


76 





Table 


10 


a EE 


12 


LIST OF TABLES 
Description 
Contaminants of Concern at Site A 


Results of biodegradation study 
conducted on 2,4,6-TNT 


Summary of contaminant characteristics 


Surface and subsurface soil concentrations 
at Site A 


Surface and subsurface soil concentrations 
adjacent to Site A 


Sediment concentrations in Hood Canal 
and Cattail Lake 


Surface water concentrations at Site A 
and vicinity 


Groundwater concentrations at Site A 
and vicinity 


Plant tissue concentrations at Site A 
Summary of hydrogeologic characteristics 
Known input parameters for modeling Site A 


Test run data for modeling Site A 


is, 


PAE 


26 


24 


Pa 


30 


Cal 


41 


56 


58 





ACKNOWLEDGEMENTS 


This research paper has truly been a joint effort. First on 
my list of appreciation is Professor H. David Stensel for the 
guidance in choosing a topic and seeing it through to the end. It 
was a long road, but we are really close. Professor Wen-Sun Chu 
provided the assistance with the groundwater computer model. For 
help in formatting this paper, I turned to a paper written by 
Robert Munger in 1987. He received his Master’s Degree from UW, so 
I knew the form had to be somewhat correct. The raw data for the 
project was provided by the Environmental Engineering Division at 
Naval Submarine Base, Bangor. In particular, Patty Kelly, who 
spent endless hours answering questions and giving up her copies of 
data. Tom James and Beverly Pavlicek also deserve accolades. The 
computer graphics are courtesy of my husband, John, the AUTOCAD 
wizard; and my brother, Brad, did some of the coloring on the 
concentration grids. 

All the strengths in this paper are the result of a group 


effort, credit for all the weaknesses lie with the author alone. 


Vi 





) 


INTRODUCTION 


In 1980, the Comprehensive Environmental Response, 


Compensation, and Liability Act (CERCLA) was signed into law. 


was later 


Act (SARA) of 1986. 


ete 
amended by the Superfund Amendments and Reauthorization 


Under CERCLA (and modified by SARA), a 


National Priority List (NPL) of hazardous waste sites was 


established, along with specific guidelines for the clean-up of 


these sites. 
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Remedial Investigation/Feasibility Study Process under 
CERCLA [5]. 


The clean-up process involves much more than just the actual 


site remediation work. 


As shown in figure 1, it includes 


everything from a preliminary assessment and initial inspection 


of the site, to remedial design and action. 


After scoping, shown 


as block two in the figure, the process is divided into two 


parts. 


The remedial investigation (RI) is conducted to 


characterize site conditions and conduct treatability 





= 


investigations. The other facet, the feasibility study (FS), is 
used to develop and screen possible remediation alternatives. As 
shown, the RI and FS are conducted concurrently. This is 
important because the data collected under the RI influences the 
development of remedial alternatives in the FS. Accordingly, the 
types of treatment being considered dictate what kind of data 
must be collected and analyzed in the RI [5]. The RI effort may 
cost hundreds of thousands of dollars and take 1 to 3 years to 
complete. This paper will focus solely on the site 
characterization evaluation requirements as part of the RI step 
leading to the clean-up process. 

According to the Environmental Protection Agency (EPA) [5], 
there are four objectives in site characterization. They are 
conducting the field investigation, defining the nature and 
extent of contamination, identifying Federal/State contaminant 
and location specific ARAR’s (Applicable or Relevant and 
Appropriate Requirements), and developing baseline risk 
assessments. 

This study addresses the problem of determining the fate and 
behavior of contaminants at a hazardous waste site. The purpose 
was to determine the procedures required to assess the 
contaminants at a site and the factors that affect their 
transport. Limited available information about an existing 
hazardous waste site provided the necessary background to carry 
out the RI site characterization process. A brief qualitative 


assessment of the potential for environmental damage is also 





provided. 

Actual data on site characteristics and contaminants are 
needed to develop a practical evaluation of contaminant migration 
as part of an RI study. To satisfy this need, data froma 
hazardous waste site placed on the National Priority List in 1987 
was used. This site is under the jurisdiction of the Department 
of Defense and specifically the U.S. Navy. It is located at the 
Naval Submarine Base in Bangor, Washington and is referred to as 
Site A. In this study, the following aspects of Site A were 
addressed: 

1. The description and history, including physical features 

and a chronology of events leading to its placement on the 

NPL. 

2. Information on the physical, chemical and biological 

behavior of the contaminants identified. 

3. The surface water features of the site, including a 

surface runoff diversion facility. 

4. The hydrogeological features, including data on five 

hydrogeologic zones located in the vicinity of Site A. 

5. The distribution of contamination, including possible 

migration to neighboring communities. 
Finally, a groundwater flow computer model was applied to Site A 
to show various scenarios of contaminant migration. 
DESCRIPTION AND HISTORY OF SITE A 

The Bangor Naval Submarine Base (SUBASE Bangor) is located 


in the state of Washington, on the Kitsap Peninsula. As shown in 





figure 2, it 1S approximately 10 miles north of Bremerton and 7 


miles west of Bainbridge Island. Situated on the shores of the 


Hood Canal, it encompasses approximately 7000 acres of land. 
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FIGURE 2 Map of Kitsap Peninsula area [2]. 
Site A is located in the Northwest portion of SUBASE, at the 


intersection of Tinosa and Pintado Roads, about 1800 feet 


southeast of Cattail Lake, and 2100 feet southeast of the Hood 
Canal (figure 3). The closest neighboring community, Vinland, is 


located just outside the northern boundary fence, roughly 2800 


<a 








meee morth of the site. 
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FIGURE 3 Map of Site A and vicinity [2]. 

Site A is slightly sloped downward toward Pintado Road and 
is an upland site, located at an elevation of 150 to 180 feet. 
The topographical features of the site and the surrounding area 
are shown in figure 4. It is between 10 and 12 acres in size 


[7]. 





FIGURE 4 Topographic map of Site A and vicinity. 


Photographs of Site A are shown in figures 5 and 6. They 
show the southern end of the site, on the edge of Tinosa Road. 
Although all vegetation was removed during earlier operations, 
much of the vegetation has grown back. However, there are still 
some areas, particularly around the burn mounds, that have little 


or no vegetation. 





7 
Site A 1S surrounded by a security fence, which was done as 


an interim measure to limit direct access to the site. Although 


it is located ina restricted part of SUBASE, access to Site A 


itself is limited to personnel with specific Occupational Safety 


and Health Administration (OSHA) training This restriction also 
applied to the SEG who was not permitted access to the site. 
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FIGURE 5 Photograph of Site A. 
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FIGURE 6 Photograph of Site A. 


In 1944, a U.S. Naval Magazine Facility was established at 
Bangor and served as a transfer point. Fourteen years later, the 
disposal of ordnance was added to Bangor’s mission. As a result, 
Site A was chosen as an ammunition burning and detonation site. 
It was used to burn TNT, flares, fuses, primers, smoke pots, 
smokeless powder, black powder, and other explosives [2]. Site A 
was also used as a storage site for barrels of "pink water", 
which is the condensate formed from steam cleaning operations 
involving TNT materials. It usually resulted from cleaning empty 
shell casings that previously contained TNT and other munitions 
compounds. 

Disposal operations at Site A peaked between 1966 and 1970. 


However, in 1975 most of the activities conducted at Site A were 





suspended due to concerns by the Navy about possible 
contamination as a result of U.S. Geological Survey reports. Two 
years later, the Navy began an Assessment and Control of 
Installation Pollutants (ACIP) program to evaluate their waste 
disposal sites, including Site A. For the next ten years, the 
Navy, under ACIP, collected several hundred soil and water 
samples from Site A and surrounding areas [2]. 

In 1987, the Navy ceased any further activity under ACIP due 
to the enactment of SARA by congress, and responded by phasing in 
the RI/FS program. In May of this year, the final RI/FS 
conducted on Site A was submitted to SUBASE Bangor. I decided 
not to obtain and read this report so that I could carry out an 
independent RI site evaluation, and relied on the Current 
Situation Report issued in 1988. A complete chronology of events 
leading up to the submission of the RI/FS is provided in appendix 
if 2 Js 

Figure 7 summarizes the historical activities at Site A. 

The burn mounds, established in 1962 and later, were used for the 
disposal activities described above. The barrel storage areas 
were placed near the roads, on the edges of the site, to provide 
easy access for transport of the pink water to and from the site. 
The blast pit, used from 1970 to 1979, was shielded and used for 
TNT detonation. The incinerator in the lower right section of 
Site A was used for disposal of small arms and dangerous 
pyrotechnic items. Several other pits and trenches shown in the 


figure were used for burning or detonating various munitions [2]. 
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Unfortunately, there is no accurate estimate of the amount 
of material that was disposed of at Site A. The amount was 
estimated from interviews and information in ordnance transfer 
documents. The resulting conservative estimate is that over two 
million pounds of munitions compounds were burned at Site A [7]. 


CONTAMINANT CHARACTERISTICS 





There are 9 potential "contaminants of concern" at Site A. 
Although numerous compounds were tested for at the site, these 
were chosen because they were obvious compounds used at the site 
and were detected above background levels. They are listed in 


table 1. In addition, Nitrogen, Copper, Mercury, Silver, and 
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Heptachlor were found at elevated levels, but are not related to 
any activities conducted at Site A. Because of the ambiguity 
associated with these contaminants, and lack of available data, 
they will not be discussed in this paper. 


TABLE 1 
CONTAMINANTS OF CONCERN AT SITE A [2]. 





Name 8 ol (if applicable 
Zinc zn 

24,6 Trinitrotoluene TNT 

2,4 Dinitrotoluene 2,4-DNT 

ao) Dinitrotoluene 2,6-DNT 

imo, Trinitrobenzene 1,3,5-TNB 
Hexahydro-1,3,5 trinitro-1,3,5 triazine RDX 


Bis (2-ethylhexyl) phthalate 
Di-n-butylphthalate 
Di-n-octylphthalate 


The chemical structures of the organic materials are shown 
in figure 8. In the following subsections, important physical, 
chemical, and biological characteristics (including known ARARs), 
the possible effect on humans after exposure, and the potential 
for biodegradation will be discussed for each contaminant. 


Zinc 





Zinc is an abundant, naturally occurring, metal in the 
environment. However, it was designated as a contaminant of 
concern because of the high concentrations found at Site A. 
Levels as high as 180 mg/kg were found in soil samples and the 
highest water concentration detected was 0.87 mg/l, well above 


background levels. 
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on CH, Cle ™ es fe — 
NO, NO, 
2,4,6-TNT 2,4-DNT 2,6-DNT 
O,N NO, O,N NO, 
NO, NO» 
1,3,5-TNB RDX 


CO,CHAC,H JCH(CH),CH 3 


CO,C,He CO,C,H ,. 
CO2C4H COoCgH 1, 
CO,CH)(C,H_)CH(CH2),CH , 
PHTHALATES 


DI-N-BUTYL = DI-N-OCTYL BIS(2-ETHYLHEXYL) 


FIGURE 8 Chemical Structures of Contaminants of Concern [4,10]. 
Zinc, usually in solid form, has a strong tendency to sorb 
onto both organic and inorganic soil particles. However, some 
intermediate zinc complexes have been detected in water and are 
relatively non-reactive with solids. These forms tend to remain 
soluble for considerable periods of time. Because of its strong 


affinity for solids, zinc migrates primarily by particulate 
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transport associated with erosion [2]. 

Zinc is a required nutrient for human development, but in 
extremely high doses, can be detrimental. The drinking water 
standard for taste and odor control of zinc is 5 mg/L. 

Zee, O— INT 

2,4,6 trinitrotoluene, or TNT, is a flammable solid which 
exists in commercial form as yellow monoclinic needles. Although 
used as an explosive, TNT is highly stable at room temperature. 
It is relatively non-volatile, and therefore not easily 
hydrolyzed. The solubility of TNT is 130 mg/L, and its tendency 
to sorb onto solids is moderate with a partition coefficient of 
between 10:1 and 20:1. This coefficient, used for all 
contaminants, called Kd, an empirical soil:water distribution 
coefficient. It represents the ratio of mass of compound per 
unit mass of soil to the mass of compound per unit mass of water. 
Therefore, the higher the ratio, the greater the tendency to sorb 
to solids, and the lower the migration potential of that 
compound in groundwater. 

The effects of TNT on humans, found from occupational 
exposure, include toxic hepatitis, aplastic and hemolytic anemia, 
gastrointestinal disruptions, contact dermatitis, and cataracts. 
The effects on the blood system can include hemolysis of red 
cells and hemoglobin in the blood stream ({2]. There is no data 
available about TNT carcinogenicity. As a final note, TNT is 
also known to be toxic to various forms of aquatic life, 


including certain species of green algae, oyster larvae, fathead 
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Minnows, and bluegills [2]. 

The primary form of degradation in the natural environment 
is photolysis. In fact, the half-life in natural sunlight can be 
as low as three hours. Although TNT is susceptible to 
degradation under natural conditions, it can persist in the 
environment for long periods of time. Accordingly, 
biodegradation by bacteria or fungal species is slow. However, 
biodegradation could be accelerated if an alternate carbon source 
were available [2]. Since this is not the case at Site A, an 
outside carbon source would be required if this method of 
treatment was being considered. 

TNT biodegradation by Phanerochaete chrysoporium, or white 
rot fungi has been studied by Fernando et al [3]. In this study, 
the initial concentrations of TNT were set to 10,000 mg/kg in 
soil and 100 mg/L in water. The results of the study, for both 
soil and water, are shown in table 2. 

Overall approximately 85% of the initial TNT was degraded, 
with about 19% of the carbon appearing as carbon dioxide in 90 
days. A low nitrogen to carbon ratio, in the range of 1 to 11 is 
an important requirement for TNT degradation by white rot fungi. 
This may be difficult to maintain under actual environmental 
conditions since nitrogen is released during the degradation 
process. 

At Site A, the Total Kjeldahl Nitrogen (TKN) in the soil 
averages around 1500 mg/kg [7]. Therefore, the nitrogen to 


carbon ratio is much higher than that in the study. The high 





Bus: 
TKN, in addition to the nitrogen released during TNT degradation, 
would further limit the success of using Phanerochaete 
Chrysosporium. Thus, while white rot fungi shows promise for TNT 
degradation, it might not be a good biological degradation choice 
for use at Site A. 

TABLE 2 
RESULTS OF BIODEGRADATION STUDY ON 2,4,6-TNT [3]. 


Soil Samples: 


# of days Amount of TNT degraded 
30 49.2% 
60 70.7% 
90 87.7% 


Water Samples: 


# of days Amount of TNT degraded 
30 77.9% 
60 85.1% 
90 87.7% 


2,4-DNT and 2,6-DNT 


Both 2,4 DNT and 2,6 DNT exist as pale yellow crystals of 
various structure, and are major constituents of pink water and a 
product of TNT photodegradation [2,4]. 

Volatility of both materials is extremely low and their 
solubility is high. The solubilities of 2,4-DNT and 2,6 DNT are 
270 mg/L and 180 mg/L. The sorption coefficient (Kd) for both 
isomers is low, with a soil to water ratio of only 2:1 to 4:1 for 


each substance [2]. 
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Studies have shown that exposure to 2,4-DNT can cause 
neuromuscular effects, central nervous system and liver lesions, 
weight loss, anorexia, anemia, and testicular atrophy. Studies 
conducted on munitions plant workers in the 1950’s showed that 
cyanosis, dizziness, sleepiness, headache, dyspnea, and brown 
urine were among the results of repeated exposure to DNT [2]. 
Health criteria does exist for 2,6-DNT as a potential carcinogen. 
The 2,4 isomer is a potential carcinogen as well, but the only 
existing standards are based on 2,6-DNT. 

Both forms of DNT readily degrade in anaerobic environments, 
providing there is an external carbon source present. 
Degradation products include aromatic diamines, 
aminonitrotoluenes, and nitrosonitrotoluenes. As with TNT, the 
primary form of degradation in the natural environment is 
photolysis. The average half-life is between 9.5 and 11.5 days. 
One intermediate product is 2,4 dinitrobenzoic acid, with end- 
products of carbon dioxide, water, and nitric acid resulting [2]. 
io, ot NB 

1,3,5-TNB, a known constituent in TNT wastewaters, has a 
yellow crystalline structure in pure form. It is a high 
explosive with more shattering power and less sensitivity to 
impact than TNT, but is no longer widely used in munitions. 
Limited studies have shown that 1,3,5-TNB is mutagenic to 
microorganisms, but very little is known about the compound 
Peself [2]. 


RDX 








ae, 

A major contaminant of concern at Site A is hexahydro-1,3,5 
trinitro-1,3,5 triazine, or RDX. This substance is a white 
crystalline high explosive, which is a primary component used in 
C-4 plastic, as well as in the manufacture of other munitions. 

Similar to TNT, RDX is relatively non-volatile. Water 
solubility ranges from 8 to 45 mg/L. Of all the contaminants of 
concern, RDX has the lowest Kd value, in the range of only 1:1 to 
2:1. As a result, RDX has the greatest tendency to migrate 
through groundwater. This is one reason the groundwater 
concentrations of RDX at Site A and vicinity were detected while 
other contaminants were not [2]. 

RDX appears to be sorbed through the stomach, and by 
inhalation through the lungs. Following adsorption, it seems to 
quickly metabolize within the liver into products such as 
inorganic carbon or formic acid. However, RDX is considered 
toxic to laboratory animals. In recent studies, exposure to RDX 
caused several reactions including convulsions, hepatotoxicity, 
anemia, splenic and urogenital lesions, prostate gland 
inflammation, and a variety of biochemical changes. Although it 
has been tested for carcinogenicity, the results were 
inconclusive [2]. 

Photolysis is the primary form of degradation in the natural 
environment, with a half-life of 1 to 12 days. However, it 
should be noted that TNT tends to retard the degradation rate. 
The end products of photolysis include formaldehyde, nitrate, 


nitrite, and ammonia. Another form of degradation that has met 
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with some success is thermal decomposition. RDX has also been 
known to biodegrade in a nutrient rich, anaerobic environment. 
The end-products for this process include formaldehyde, methanol, 
and hydrazine [2]. 

Phthalates 

Three such compounds, di-n-butylphthalate, di-n- 
octylphthalate, and bis(2-ethylhexyl) phthalate (BEHP) are 
included as contaminants of concern at Site A. Phthalates are 
colorless liquids used as plasticizers in the production of 
polyvinyl chloride (PVC). 

Phthalates are also non-volatile, with a vapor pressure as 
low as 6.8 x 10*-8 mm Hg. Solubility is low, in the range of .4 
to 4.5 mg/L. The phthalates have the highest soil partitioning 
coefficient with a Kd ranging from 100:1 to as high as 10,000:1. 
Therefore, these compounds tend to remain in the soil and should 
not migrate well through surface or groundwater. Exact soil 
concentrations showing this phenomena will be shown later. The 
primary mechanism for loss is through hydraulic export in surface 
and groundwater [2]. 

Phthalates are readily sorbed in the intestinal tract and 
the lungs. Elevated levels of phthalates in the blood stream 
have been documented after ingestion of food that has been in 
contact with flexible plastics. One of the greater concerns for 
human exposure to phthalates appears to be from PVC bags and 
tubing used when treating dialysis patients. AeNOUgh BEHP is 


considered an animal carcinogen, in general, data is inconclusive 
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program addressed possible contamination in soil, both surfacial 
and subsurface; water, both groundwater and surface runoff; 
vegetation; and shellfish. Each media will be addressed 
separately. 


Soil 





Between 1977 and 1986, numerous Surface and core samples 
were taken from Site A and the surrounding vicinity. Figure 9 
shows selected surface and subsurface sampling locations for the 
contaminant data, summarized in tables 4 and 5. As shown in the 
figure, the majority of the samples were taken directly from the 
Site, or from an off-site area toward Cattail Lake Drainage. 
Surface sample areas are noted by the citation, A-SS**. Core 
samples are noted with the same designation as monitoring wells, 
or MW**. Sediment samples from Cattail Lake and the Hood Canal 
are represented by the designation SW** [2,7]. 

Tables 4 and 5 show the contaminant concentrations found at 
the various sampling locations, both at the site and the 
surrounding areas. Looking at Table 6 first, the highest 
concentrations are limited to the surface soil. In particular, 
there are elevated concentrations in samples taken from A-SS03 
through A-SSO5, which are located directly on the burn mounds. 
This is expected since the highest level of activity occurred at 
the burn mounds. TNT is the most concentrated contaminant, at 
levels ranging from 180 to 420 mg/kg iuchese areas. In the 
subsurface samples, most pollutants that were detected at all 


occurred at low levels and were found at MW-38. Since the 





Pa 
monitoring well was drilled directly on one of the burn mounds, 
these concentrations could be the result of the materials 
leaching into the subsurface soil from the burn mounds. In this 
table, the only contaminant found at high levels in both surface 
and subsurface samples was zinc. This could be due to possible 


elevated background levels of this material in the area. 
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Samples et Site A: 


TABLE 4 


(All concentrations are in aa/kq) 


SOIL SANPLE CONCENTRATIONS AT SITE ACTS 


Ze 


Surface samples: A-3583 9 A-53504 = A-S585) = A-S5H6 © A-5507 © -A-5588 = -A-5597 
Linc 43 bg a5 19 69 46 4] 
Di-n-butyl phthalate j b gl), = eels ) b 
Bis(2-eh)ohthalate Y B $ B } 5 § 
(i-n-octyl phthalate d § bj § Y j 
ete ioe iN 189 209 426 1.1 ae §.78 218 
2, 4-ONT 14 B45 0.56 9.087 B12 O.094 b.37 
2,6-DNT $9.97 9.953 6.977 8.999 9.089 §. 806 9.04 
ioe IRE g $.66 B.67 G.015 8.925 9.612 0.44 
ROX be es, b 6.34 8.995 §.047 9.6 
Subsurface samples: Me-37) 0-370 MW-3800 M38 0-380 M38 
depths (2setty (batty (Stl) (1G tty Gett}). (23 ft) 
Linc 45 24 44 32 2] 4g 
bi-n-butyl phthalate § § § 6.966 $ — g | 
Bis(2-eh)ohthalete , } g } q ') 
Di-n-octyl phthalate ) } ) ) dj ! 
2,4,6-TNT q 1 §.977 8.666 9.999 : 
2,4-DNT B 6 $.094 9.001 8.902 §.682 
2,6-DNT G 9,806 p j 
Poros the 9.902 9.882 8.009 D $.082 $,993 
ROX G92 9.048 8.874 § $047 9.604 


Table 5 shows the concentrations in samples taken from areas 
adjacent to Site A. In these areas, contamination also appears 
to be limited mainly to the surface soil, but at much lower 
levels than those found at the site. No contaminants were found 
at levels above 0.25 mg/kg, with one exception. At A-SS15, the 
TNT concentration was 60 mg/kg. Since this does not correspond 
to with the other data found in these areas, it could be a bad 


data point. Again, zinc was found at elevated levels in both 
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surface and subsurface samples. 


TABLE 5 


SOIL SAMFLE CONCENTRATIONS ADJACENT TO SITE A C7 
(All concentrations are in ma/kq) 






samples Adjacent to Site A: 


Linc 42 43 9.937) 8.9358. 846 1.7 = 8.844 oe B.93 9.933 
i-n-buty] phthalate p 3 B § §,896 , Y B57 b.14 
Bis(2-en)chthalate B p } $B tl 3 B 8.76 B14 

Di-n-octyl phthalate q ) ) 5 6,996 i) MY B.13 B14 
2,4,6-INT §.26 Y Bb §.013 bd B13 8.861 8.884 

2, 4-DNT H,854 6 9.929 8.935 9.914 §.69 8.817 8.933 8.629 98.819 
2,6-DNT B Y B B " § g } 
8, celts iy g 5 ee g g } 
RDX 4,858 H 9.032 6.925 8,626 b.99 8.02 9.899 8,82 


subsurface samples: MW-26 0 ©6MY-26 0©0Mw-260B-39)OMW-39)0 W410 BWA 


depth: oui cmipeye Co ft) C12 tty) ft) sn(sort} 
Linc 24 ri 24 1S 35 2? 2% 
Ji-n-buty!] phthalate g Y } H ) } ) 
Bis(2-sh) phthalate 9 y i) y ) b b 
Mi-n-octyl chthalate ) p f ) i) ) 
2,4,6-TNT §. 985 , § g Db 8.984 8.905 
2,4-DNT g 3 b Y 
2,6-DHT i B g 6 j B 
Proeo- NB § 8 Y ) B B g 
ROX G.995 8.002 HS 8.004 868.943 8053 


One last area to address regarding soil contamination is the 
possible accumulation of pollutants in the sediments of Cattail 
Lake and the Hood Canal. Samples were taken from both areas and 
are shown in Table 6. As shown, zinc was the only contaminant of 
concern discovered. The concentrations of zinc found in Cattail 
Lake were 3 times as high as those found in the Hood Canal, and 


higher than almost all samples taken at Site A. Again, this 


durface saaples: Beolt me coObemen=S ol 2eedeooioe A-ool4 A=Sal> A=Ssl6 A-Ssl? A-S518 A-SS19 
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could be due to elevated background levels of zinc. This also 
holds true for the Hood Canal samples. To establish reference or 
background levels of contaminants, sediment samples were taken at 
Various areas around the Hood Canal, some at a considerable 
distance from SUBASE Bangor. These samples also showed elevated 
concentrations of zinc. Therefore, it appears that the 
activities conducted at Site A did not contribute to the zinc 
levels found in the Hood Canal sediments. 


TABLE 6 


HOOD CANAL SEDIMENT DATA 
(All concentrations are in 9/kq) 


Sa@ole location: S¥-10 0 SW-11 00 SH-12 
Linc 29 21 18 
Di-n-butyl phthalate } 
Bis(2-eh) phthalate i) ) ) 
Di-n-octy] phthalate g ) g 
2,4,6-THT y i 

2, 4-DNT g y Gj 
2,6-DNT y y y 

oe oo UNG 6 y 

ROX B b 


CATTAIL LAKE SEDIMENT DATA 
(All concentrations are in mg/kg) 


Samole location: Stato -S¥=16 


mm 


Se eee 


Linc 6 
Di-n-buty] phthalate 
Bis (2-eh) phthalate 
Di-n-ccty]l phthalate 
2,4,6-TNT 
2, 4-DNT 
2,6-DNT 
Dyojremlinie 
RDX 


eee 
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Overall, contamination in the soil is generally restricted 
to the surface, particularly in the burn mounds. Otherwise, 
contaminants were found at low concentrations, if detected at 
all. Zinc is the only material found at elevated levels 
throughout the area. 

Water 

Numerous water samples have also been collected from Site A 
and the surrounding area. Figure 10 shows the location of 
selected groundwater and surface water sampling. Surface water 
samples were taken from monitoring wells drilled to a depth of 
only 2 to 5 feet, penetrating only the water zone contained on 
the surface. Sample locations for plant and shellfish tissue 
analysis are also shown on this map [2]. 

Surface water concentrations, taken at Site A and vicinity 
will be examined first, and are shown in table 7. The first part 
of the table shows the concentrations found at 4 monitoring wells 
directly on the site. As shown, the only consistent contaminant 
detected was TNT, with a high level of only 0.36 mg/l found at 
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TABLE 7 


SURFACE WATER CONCENTRATIONS AT SITE A AND VICINITY O74 
(All concentrations are in aq/1) 


Saeples at Site A: 


location: HY-34 = AY-6500— K-88 MH-36 
linc ) } 9 $9,994 
| Di-n-butyl phthalate b Y Y Y 
/ Bis(2-eh) phthalate Y Y ’) b 
| Vi-n-octyl phthalate g b B 3 
DP tOe INT 9.56 8.962 9.803 Y 
2,4-DNT p b j " 
| 2,6-DNT b g 3 b 
| 1,3, 5-TKE ; d g g 
| ROX b b B 9.992 
Samples adjacent to Site A: 
location: Ofte “sare -S¥-93. —S¥etS  aiel4 
Linc 3, $28 Pl 868. 885 § 6 
Di-n-butyl ohthalate ) } 5 Y 
Fis(2-ch) phthalate d o Y H i 
Vi-n-sctyl onthalate ") D ") q ,) 
2 een | b.0! p b , b 
2,4-DNT b Y b § 
2, 6-ONT Y p Y 6 
oy No d Y Y B 
ROK C.2o1 9.892 , p Y 


The data provided in this table was taken from samples 
analyzed in January, 1989. However, it should be noted that 
Samples have been collected and analyzed consistently since 1980. 
While most contaminant levels have remained constant or decreased 
Slightly, there has been a considerable drop in the 
concentrations of TNT. Figure 11 shows the decrease in the TNT 


levels. Although the data is somewhat limited, particularly 
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after 1984, there is a definite downward trend. This decrease 
seems to be the result of TNT partitioning onto soil particles at 
the site, which would also account for the consistent high levels 


of TNT in surface soil samples, shown earlier. 


Site A - MW-04, All Data, */- 1 Std. Dev. 
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FIGURE 11 Graph of change in TNT concentration in groundwater [2] 


The second part of the table shows values from samples taken 





in the ares surrounding the site. Referring back to figure 10, 

SW-01 through SW-03 are located to the north of the site (SW-01. 

is located at the exit from the surface water diversion 

facility), and SW-13 and SW-14 are located in the Cattail Lake 

| drainage area. As shown, all contaminants that were detected 
were found at relatively low concentrations. In addition, 
pollutants were detected only in SW-01, SW-02, and SW-03. This 
shows that contamination in surface water tends to migrate north 


and not toward Cattail Lake. Also, since more contaminants were 
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PAS, 
found in SW-01 than any other sampling location, it appears that 
the surface water diversion structure has been successful in 
diverting surface runoff away from Cattail Lake. 

Table 8 shows the contaminant concentrations found in 
groundwater at Site A and the Surrounding area. In all cases, 
the only contaminant detected was RDX, which was found at 
relatively low levels. In most cases, the concentration did not 
exceed 0.002 mg/l. However, the level detected at MW-37 was 
0.065 mg/l, over 30 times higher than any other sample. Looking 
at the location of this monitoring well, this is not surprising, 
Since MW-37 is located directly on one of the burn mounds at the 
Site. 

Because RDX was detected in all monitoring wells adjacent to 
Site A, the direction of migration of the contaminants is not 
clear. However, the concentrations of RDX decrease as the 
distance from the site increases. 

Groundwater samples were also collected from 8 domestic 
wells located outside SUBASE Bangor in the Vinland Community. 


However, no contaminants were detected in any of these locations 


mo). 
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TABLE 8 


GROUND WATER CONCENTRATIONS AT SITE A AND VICINITY C71 
(All concentrations are in #g/1) 


Samoles at Site A: 


location: M¥-12) 0 MW-160 0 MH-21)0 RY-37 

depth: Sho G6) a LET s8 ea Cs tit) een CPAs Tin Be) 

Linc i Y B i 

Di-n-butyl phthalate Hy y § , 

Bis(2-eh)phthalate 6 ') M 6 

Di-n-octyl phthalate § Y B 
2,4, 6-TNT Y Y B iy 

2, 4-DNT D } p 

2, 6-DNT 5 " § 

eared ibe , j 3 D 

ROX $992 8.5006 8.0084 §.965 


Samples adjecent to Site A: 

















location: he-28 H¥-38 MH-35 
depth: (85 ft) (199 ft) (3B ft) 

Linc 'y My Y) 
Di-n-tutyl phthalate 9 ") ") 
Bis(2-eh) phthalate y " y 
Vi-n-octyl phthalate Y) B ') 
2,4,4-TNT My ") B 
2,4-ONT i) 5 B 

2, 6-DNT ) ") 

PR Peiee fi ts Q j 
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Bioaccumulation 

The final media to be discussed is the possible 
bioaccumulation of contaminants in aquatic life and plant tissue. 
Aquatic life will be addressed first. Trout from Cattail Lake 
and clams and oysters from the Hood Canal were analyzed. The 


only contaminant found in any sample was zinc. The 


Ee 
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concentrations in Cattail Lake trout ranged from 9 mg/kg to 26 
mg/kg. The concentrations in shellfish ranged from 9 mg/kg to 
220 mg/kg, with the highest concentrations detected in samples 
taken closest to the stormwater discharge area. No ordnance 
contaminants were detected [2,7]. 

Plant tissues concentrations, from samples collected at 
various locations at the site, are shown in table 9. Samples 
were taken from quack grass and common velvet grass found at the 
site. The contaminants with the highest concentrations detected 
were zinc and bis(2-ethylhexyl)phthalate. There were also small 
amounts of TNT and RDX found in some samples. This is not 
surprising since accumulation in plants is known for both 
compounds [7]. 

TABLE 9 


PLANT TISSUE CONCENTRATIONS AT SITE ACTS 
(All concentrations are in ag/kq) 


Sample nugber: iat ‘gin Bus Pies rile PT-6 Flan FT-8 AGy 
Linc 6 6 9 J 7 2 z ] 6 
Di-n-butyl phthalate 655 B65 ail %.67 5.67 ll 5.66 Les 3.98 
bis(2-eh) phthalate 16 ae 3 g B Ua 18 Red 
Di-n-octy! chthalate 3 b y BS . ¥ 6 j 5 

2,4,6-TNT § b § D 9.11 B.14 hg 0 Bt Holes 

2, 4-DNT 8 b Y Y b y ) p 
2,5-DNT i 3 Y d 3 p b Y 3 
oR Oo Cees 3 3 B g 3 Y p 
RDX 3 8.2 H 6 86. 834 3 3 3 


SURFACE WATER CHARACTERISTICS 


In this section, the surface water features of Site A and 


the surrounding area will be discussed, including surface runoff 








ge 
and recharge to groundwater aquifers. To get a picture of 
surface water flow around the site, a water balance is necessary 
to determine the possible impacts on surface and groundwater. 
According to the National Oceanic and Atmospheric Administration 
(NOAA), the precipitation contributing to Site A is approximately 
47 inches per year, or an annual total of 24.7 million gallons 
for the site. Of this total, almost half, or 10.1 million 
gallons is lost to evapotranspiration, the combined term for 
evaporation and transpiration. Transpiration, in itself, is 
difficult to measure as it is a function of the number and types 
of plants, soil type, season, and temperature [9]. The remaining 
amount, 6 million gallons to groundwater recharge and 8.6 million 
gallons to surface runoff, is interesting because, as shown in 
earlier sections, these are possible routes of contaminant 
migration. 

The area contributing surface runoff to Site A is roughly 19 
acres in size and is shown in figure 12. After this water 
reaches the site it flows to one of three areas, also shown in 
the figure. The first is Cattail Lake drainage, a small stream 
to the southwest of Site A. This area of surface runoff is 
important because this stream flows directly into Cattail Lake, 
and could therefore be a pathway for contamination. Surface 
runoff cannot reach Cattail Lake (shown in figure 13) directly 
because the area between Site A and the lake is at a higher 
elevation than the site. In addition, the soil between Site A 


and Cattail Lake is not as permeable as the soil to the north of 
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Site A. Therefore, any surface water contributing to groundwater 
recharge is more likely to percolate toward the Hood Canal, 


rather than the lake [2]. 
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FIGURE 12 Map of surface water drainage at Site A [2]. 
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PURE 13 Photograph of Cattail Lake. 
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a, located to the north and west of the site. 


bersion facility was constructed 1 


The final area of surface runoff is the stormwater discharge 


A storm water 


n 1983 to direct water 


rough a drain pipe to a stormwater discharge area. The 


rmwater percolates through 700 to 800 feet of semi-permeable 


il in this discharge area before entering the Hood Canal, sO 


me filtration is possible [2,7]. Figure 14 shows the inlet to 


le diversion structure. Figure 15 shows the route of the 
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structure along Pintado Road, and figure 16 shows where the water 


Ct 


exits the structure. Finally, figure 17 shows the area between 


the discharge area and Hood Canal. 
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FIGURE 16 Photo of exit from surface water diversion facility. 
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FIGURE 17 a IOC aan of Hood Canal. 
HYDROGEOLOGIC CHARACTERISTICS 

There are five geological zones influenced by Site A. 
Beginning at the surface and descending, they are the Vashon 
Recession Outwash (Qvr), the Vashon Till Zone (Qvt), the Vashon 
Advance Outwash (Qva), the Kitsap-Formation upper Lacustrine Silt 
Zone (Qk), and the Older Sand and Gravel Zone (Qos). 

To get a better idea of where these zones are located, 
figures 18 and 19 show a cross sectional view of these layers. 
Figure 18 shows the cross section from Site A to Cattail Lake. 
Similarly, figure 19 shows the area from the site to the Hood 
Canal. Please note that in the figures, the Shallow Aquifer is 
located in the Qva zone. Similarly, the Sea Level Aquifer is 
located in the Qos zone. Both figures show the location of 


existing wells penetrating the various aquifers. Most wells, 
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marked MW**, are for monitoring purposes only, and are not used 
for withdrawal. A photograph of one such well is provided in 
figure 20. It is also important to note that the boundaries 
between geologic layers are questionable. Most of these 
boundaries are based on interpolation between known data points 
[2]. This is a significant point to remember when examining the 


potential for migration of the contaminants found at Site A, and 


will be discussed in later sections of this paper. 











vv a) 
fo] ao 
: é 
= SITE A a 
C ° Burn Area 8 Cc’ 
300 = a. a e © 
A-MW37 x< | 
(100°E) hi 
A-MW 21 A-MW 16 _ A-MW31 nai 
(20°E) (20'W) Debris (110°E) 3 
Perched Groundwater Zone an eo Ar hed i = 
200 A-MW35 Debris QO 
S Qvr Area 2 
we . coal 
SSS 7 Existing Ground Surtace 
Qva cau Qvt 
ee B Clayey 
wig é er ae a * career —~9 as" SILT Lenses | 
ESE Tet Stately Aauirer I it SS : 
: “SE Sp 
u. eo ep oe 9 
= eksters: ee i ia 
S 0 Nea goes 
@ Qvp = 
TF) 
ec ee : : e 8 Seal Lével (Aghiter_- Epes a ae = 
“Rae So NES een re o 
Qos Site 
-200 Horizontal Scale in Feet 
0 500 1000 
0 100 200° 


a E-E" 8-8" Vertical Scale in Feet 


E c 
=300 { i Vertical Exaggeration x 


Note: Contacts dDetween soil units are based on interpolation dDetween explorations and 
represent our interpretation of sudsurlace conditions based on currently availaple data. 


FIGURE 18 Cross-section of Site A to Cattail Lake [2]. 
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FIGURE 20 Photograph of a typical monitoring well at Site A. 


The physical characteristics of each hydrogeologic unit are 


Now 


provided in table 10, for easy comparison of each layer. 


t the surface and 


inning a 


each will be discussed separately, beg 


descending respectively. 





LONE SYMBOL 
Vashon Recession Qvr 
Qutwash 
Vashon Till Ovt 
lone 
Vashon Advance Ova 
Outeash 
Kitsap Fornetion 0K 


oper Lacustrine Silt 


Older Sand 
Gravel 


ful 


TABLE 10 
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SUNKARY OF HYDROGEOLOGIC ZONE CHARACTERISTICS C 2.73 


OEPTH 
(ft) 


29-45 


8-109 


23h 309 


THICKNESS 


(ft) 


19-29 


- 19-38 


wd 
an 


JO-f. 


209 


The first zone to be discussed is the Vashon Recession 


Outwash (Qvr). 


unconsolidated sand and gravel, and some thinner silt layers 


directly on top of the underlying zone. 


have the ability to hold groundwater, and is referred to as the 


Perched Groundwater Zone [7]. 


because its thickness increases during the wet winter months and 


decreases during the summer months. 


can completely dry up in the area directly under Site A. 


HYDROL. COND RE/DISCHARGE AQUIFER? SOIL TYPE POROSITY 
(tt/day) 
yea By precip. Yes Slightly Sil = 8.2 
and surface (6 Zone) Gravelly 
runoff SAND 
B. O03 ? No Very dense, ? 
Very silty 
SAND 
B.14-1.4 By Qvr and Yes Hediua to fi 9.29 
local water- (Shallow sand, very 
shed Aquifer) sandy SILT 
To Cattail Lk 
and Hood Canal 
? ? No Clayish ? 
sandy SILT 
29-199 To Hood Canal Yes Sand and 7 
(Sea Level = Gravel 
Aquifer) 
This unit has scattered deposits of 
As a result, it does 
This layer is a seasonal unit, 
During very dry periods it 
Because 


this layer is limited in size and somewhat seasonal, there are no 


withdrawal wells tapped into this zone [2]. 
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Since it is on the surface, this layer is recharged by 
precipitation and surface runoff. The flow in this layer is 
toward the northwest, to the stormwater discharge area and Hood 
Canal. The transmissivity through this zone is low, at only 
0.01. This zone consists of glacial till, with a porosity of 
moucdmly O.2 [2]. 

The second hydrogeological unit, lying just under the Qvr 
zone and extending to a depth of roughly 20 feet, is the Vashon 
Till Zone (Qvt) which is a very dense, poorly mixed layer of 
sand, silt, and gravel. Because this layer is not homogeneous, 
permeability is low, particularly in areas with more silt. It 
generally acts as an aquitard, but does contain small pockets of 
groundwater in areas where its constituents are better mixed. 

In the area of Site A, it is more consistently mixed than in 
other areas, and does have pockets of water during the wet 
season. 

The depth of the Vashon Till zone (Qvt) varies, depending on 
its location (i.e. it is exposed to the surface in some areas). 
In addition, this zone has a much larger surface area than the 
overlying layer [2]. 

The third hydrogeologic zone is the Vashon Advance Outwash 
(Qva). This layer consists of well-stratified gray to brown sand 
with scattered pockets of silt and gravel. It is a partially 
confined water bearing zone, containing the Shallow Aquifer. This 
zone supplies several private wells in the vaand community, 


thus contamination is of great concern. The Vashon Advance 
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Outwash appears to have a large surface area. 

Recharge to this layer is from percolation from the Perched 
Groundwater Zone and from local watershed to the aquifer. The 
hydraulic conductivity varies from 0.14 to 1.4 feet per day [2]. 
Discharge flows to Cattail Lake Drainage and the Hood Canal [7]. 

The Kitsap Formation-Upper Lacustrine Silt Zone (Qk) 
consists of hard, gray sand laminated to massive silt, and is 
characterized by fine material and low hydraulic conductivity. 
It is relatively impermeable and acts as an aquitard between the 
Shallow Aquifer and the underlying layer. A few intermediate 
groundwater aquifers do exist within this zone, but are 
restricted from recharge and discharge. Regarding size, the Qk 
zone is larger than any overlying units [2,7]. 

The final hydrogeologic zone to be addressed is the Older 
Sand and Gravel Zone (Qos), which consists generally of sand and 
gravel, with smaller amounts of silt and till in some areas. It 
contains the Sea Level Aquifer, which is the supply zone for 
Public Utility District No. 1 (containing two well systems). 

Located at a depth of between 100 and 200 feet below sea 
level (or 250 to 350 feet from the surface), discharge from this 
aquifer flows to the Hood Canal. 

SUMMARY OF SITE A CHARACTERISTICS AND IMPACTS 
Human exposure 

A major concern for any hazardous waste site is the 

potential for human exposure and the possible effects. Now that 


Site A has been characterized, this aspect of an RI will be 
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addressed. Possible pathways for human exposure from Site A are 
listed below and the potential of exposure for each of them is 
discussed: | 

1. Drinking water - This is the primary pathway for ordnance 
compounds Sone humans, which could be significant since there 
are elevated levels of some contaminants in groundwater. This is 
why the rate and direction of migration in groundwater must be 
carefully studied. 

2. Consumption of shellfish - Elevated concentrations of 
some ordnance compounds and metals were detected in shellfish 
samples. However, there is not enough data to make any 
quantified conclusions about this pathway. As a conservative 
measure, the beaches around discharge points from Site A have 
been closed to shellfishing. 

3. Dermal contact - An important pathway, which would occur 
if soil from the site got onto exposed skin. As a result, Site A 
has been fenced in to prevent unauthorized entry, and there are 
strict clothing and safety restrictions for those who are 
permitted access. Revegetation at the site has also reduced the 
chance for dermal contact with contaminated soil. 

4. Inhalation of compounds - This 1S similar to dermal 
contact in that contaminated soil particles would be inhaled 
through the lungs. Again, the restricted access has reduced the 
possibility of this happening. 

Site A summary 


The sampling conducted at Site A shows that contamination 
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has migrated through soil, surface water, and groundwater. The 
highest levels of contamination are limited to the soil media, in 
particular, surface soils directly on the site. However, there 
are elevated contaminant levels (zinc, TNT, 2,4 DNT, and RDX) in 
soil samples adjacent to the site, showing a migration pattern 
toward the Cattail Lake drainage ravine. Because of the low Kd 
partitioning values of these compounds, high soil concentrations 
are expected. 

Contamination in surface water is different from that of 
soil. Both TNT and zinc were detected in surface samples but at 
relatively low concentrations. Based on sampling data, 
contaminant migration in surface water 1S moving toward the 
stormwater discharge area, showing the success of the stormwater 
diversion structure in directing the flow of surface runoff. 

The only contaminant detected in groundwater was RDX, found 
in samples both on and adjacent to Site A. However, 
concentrations were low, possibly due this compounds low 
solubility and high affinity for sorbing onto solids. 

Contaminant in sediment and plant tissues is limited to 
Zinc. But there were also elevated concentrations of phthalates 
in plant tissue. 

Based on the sampling conducted at Site A and vicinity, the 
majority of the contamination is limited to the soil media,, with 
small levels occurring in surface and groundwater. Although some 
conclusions about contaminant migration can be made with the 


available data, they are only quantitative (i.e. direction of 
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flow only, no flow rates). The fact that migration cannot be 
quantified with the existing data is one of the limitations of 
the sampling done at this site. 

COMPUTER MODELING 
Why use models? 

For years computer models have been used to simulate 
Situations in the real world. One of the benefits of modeling is 
that they provide a simple and economically feasible way to look 
at various scenarios without extensive field work. The idea of 
modeling can also be applied to hazardous waste sites. While 
field sampling is still required to obtain the amount and 
concentrations of contaminants at a site, it is often difficult 
to determine the migration patterns and flow rates of 
contaminants from that site. Computer modeling of hazardous 
waste sites can help in determining the migration potential of 
contaminants, specifically in groundwater. 

Chu et al. (1987) examined the data requirements for 
groundwater modeling. In this study, they were given a limited 
amount of data for a hypothetical aquifer. Their objective was 
to “evaluate the effects of data availability and uncertainty on 
parameter estimation for groundwater contaminant transport." In 
other words, they wanted to see how closely the model could 
simulate contaminant migration in the test aquifer. The computer 
model used in this study was the U.S. Geological Survey’s Method 
of Characteristics (USGS-MOC) [1]. This widely-used model is so 


named because it uses the method of characteristics to solve the 
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solute transport equation in the model, a method developed to 
solve hyperbolic differential equations. 

The results showed that the ability of USGS-MOC (and 
therefore similar computer models) to predict contaminant 
migration is limited by the extent and the quality of the data 
provided for the aquifer. According to Chu, 

"The predictive ability of such numerical models is 

limited by the assumptions and approximations 

introduced in the governing equations and their 

solutions, the model parameter values used, the 

availability and quality of the data for model 

calibration, and the characteristics of the physical 

system." [1] 

Since modeling appears to be restricted by data 
requirements, why use them? Again referring to Chu, while 
Simulation models may be limited by data requirements, they do 
"offer a valuable tool for groundwater contamination 
assessments." [1] The bottom line is that as long as model 
results are accompanied by some uncertainty analysis, they 
provide a method to predict the migration patterns of 
‘contaminants from hazardous waste sites. 

Why model the site? 

There are three significant advantages to applying USGS-MOC 
to Site A. First, after reviewing the existing information for 
the site, it is clear that while extensive sampling was done, 


there are still questions regarding contaminant migration, 
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particularly in groundwater. These questions must be answered 
before an accurate evaluation can be made. Secondly, using the 
model is an easy way to vary unknown parameters and look at the 
effects on contaminant migration. It should be noted that 
modeling different scenarios will not provide a complete, 
accurate picture of the site. But by changing the parameters 
where data is limited and examining the effects, I can determine 
which factor (i.e. aquifer thickness, transmissivity, etc) has 
the largest control over migration patterns. This leads to the 
third advantage. Finding the factor with the most control on 
migration will show where efforts should be concentrated in 
further field study or development of remediation alternatives. 

To model Site A, USGS-MOC will be applied to the shallow 
aquifer under the site. Because the perched groundwater zone is 
seasonal and directly on the surface, it is easily accessible for 
sampling and will not be used in the modeling exercise. The sea 
level aquifer will also not be used as it is not effected by the 
contamination at the site. On the other hand, the shallow 
aquifer is subject to contamination, and does supply water to 
several domestic wells in the Vinland area. 

The model results will not provide a complete and accurate 
evaluation of Site A. However, it will be a good demonstration 
of this groundwater model, and meet my objective of gaining 
experience with computer models. 

USGS-MOC 


USGS-MOC, used in Chu (et al.)’s study, is a popular 





49 
groundwater model used for predicting contaminant migration. In 
order to examine the set-up of this model, the basics of 
groundwater flow, as seen in USGS-MOC, should be addressed. 
Groundwater flow in an aquifer is a combination of four 
processes, which are listed below: 

1. Convective transport. 

2. Hydrodynamic dispersion. 

3. Combination of fluid sources - when water of one 

composition comes in contact with water of another 

composition. 

4. Reactions - chemical reactions of the solute and 

Surrounding substances, including sorption onto solids, ion 

exchange, biological reactions, etc. 

In USGS-MOC, the groundwater flow equation is coupled with a 
solute-transport equation to analyze flow in a simulated aquifer. 
However, there are limitations to using this model. First, USGS- 
MOC is applicable to one and two dimensional flow problems, only. 
Second, it is limited to either transient flow or steady state 
flow. The third limitation is that the model assumes that the 
solute in question is non-reactive and that fluid density, 
viscosity, and temperature do not affect the velocity 
distribution. Lastly, the boundary conditions of the aquifer to 
be modeled must be chosen carefully. 

When establishing specific boundary conditions, they may be 
either constant-head boundaries or constant-flux boundaries. A 


constant-head boundary is a location where the head does not 
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change with time. It may be the true aquifer boundary, or an 
artificial boundary set for modeling purposes only. A constant- 
flux boundary can represent aquifer underflow, or well injection 
or withdrawal. Modes of aquifer recharge or discharge (i.e. by 
percolation from rainfall, etc) are ignored in the model. Once 
these boundaries are set, the area within them represents the 
aquifer. This area is called a finite-difference grid, so named 
because “a finite-difference equation describing the effects of 
hydrodynamic dispersion, fluid sources and sinks, and divergence 
of velocity" [6] is used in the model. The grid consists of a 
set of rows and columns of nodes, with each node representing a 
certain area of the aquifer. The outer rows and columns of the 
grid represent no-flow boundaries (i.e. the constant-head or 
constant-flux conditions in the aquifer). Since calculations are 
made at each node for every time increment in the model run, the 
grid is limited to no more than 20 rows and columns, or 400 
nodes. In addition, since the outer nodes are considered the no- 
flow areas, the aquifer, itself, is limited to 18 rows and 
columns, or 324 nodes [6]. An example of this grid is shown in 


figure 21. 
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FIGURE 21 Finite-difference grid for computer model USGS-MOC [6]. 
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This model allows for four, five, eight, or nine tracer 
particles to be used per node. These particles are used to 
calculate the concentration of contaminant in each node at each 


chosen time increment. Initial particle distributions are shown 





DZ 
in figure 22. The best results, with the least amount of error 
in the chemical mass balance, are obtained if nine particles per 


node are used [6]. 








FIGURE 22 Particle distribution for finite-difference grid [6]. 


One other source for mass balance error is the node or cell 
distance (CELDIS in the model), or the distance the solute 
travels within each node over one time increment. Verification 
test runs show that the least error and best results occur when 
CELDIS is set to 0.5, or half the distance of one node. However, 
there is little variation between setting CELDIS equal to 0.5 or 
1. The bottom line is that the distance of solute transport 
during one time increment should be at least half the node 
distance, and no lower [6]. 

Any number of injection or withdrawal wells can be used in 
USGS-MOC. However, only one well may be placed per node. If 
more than one well exists within one node, the average rate of 


recharge or withdrawal must be used for all wells in that region. 
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The number of observation points, or monitoring wells, is limited 
to five {6}. These are used to examine the variation in . 
concentration at any one point over the entire time period 
specified for the program. They may be placed anywhere within 
the grid area, with the exception of the no-flow regions. 
MODELING SITE A 
Input data 

In order to apply the model to the shallow aquifer, the 
input data should represent the actual site as closely as 
possible. To do this, the finite-difference grid was set up to 
Simulate the area in figure 23. This map shows Site A, the Hood 
Canal, and the Vinland wells. An outline of the proposed grid is 
also shown in this figure. It can be compared to figure 24, 
which is the model representation of the same area. On the grid, 
Site A is in the same location, relative to the Vinland wells and 
the Hood Canal. Because of the limited grid area, only five 
withdrawal wells are used. The Hood Canal is represented by the 
constant-head boundaries on the northern and western edges of the 
grid. The southern and eastern edges are artificial boundaries 
used for modeling purposes. In addition, there are four 
observation points on the grid. These will be used to compare 
the results of the various test runs of the model. 

Table 11 shows the known input parameters used when modeling 
Site A. These values were chosen because they provide a somewhat 
accurate simulation of the site. The pumping rates for the 


withdrawal wells in Vinland are estimates based on personal 
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interviews with owners of private wells and water consumption 
data from Public Utilities District #1 (PUD 1). Note that two 


pumping rates are shown. One represents withdrawal for household 


use, and the other is the rate required for irrigation. 
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FIGURE 23 Map of Site A in relation to Hood Canal and Vinland 
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MODELING SITE A 
Program - USGS MOC 
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TABLE 11 


KNOWN INPUT PARAMETERS FOR MODELING SITE A (2,6). 


Parameter Setting Units (If Applicable) 

# of cells, X direction 9 

# of cells, Y direction 11 

Width of each cell 800.0 feet 

# of observation points 4 

# of withdrawal wells = 5S 

Pumping rate for wells OG07 cf/sec 
0020 

Soil porosity 0225 

Selected run time S20 years 

Initial concentration of 0.0 mg/L 


contaminant in aquifer 


Initial concentration of 100.0 mg/L 
contaminant at source 


Since my objective was to compare results for various test 
runs, and not to obtain actual migration rates, the time selected 
for running the model was 5 years. The initial concentration of 
contaminant at the source (Site A in this case) was set at 100 
mg/L. This figure was chosen because it relates to the 
solubility of 2,4,6-TNT, a contaminant of concern in groundwater. 
Although well above the concentrations of contaminants detected 
at Site A, this initial concentration was chosen so the results 
would emphasize the potential for migration from the site to 
surrounding areas. 


There are four aquifer characteristics which are unknown or 
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roughly estimated based on limited data. They are dispersion 
ratio, aquifer thickness, water table height, and ‘re aeLeanransy, 
During the model runs, these parameters were changed one at a 
time in order to examine the effects of each on migration, 
resulting in a total of five test runs of USGS-MOC. Table 12 
shows the values chosen for each test run. The varied parameter 
values in runs 2 through 5 were chosen based on a range of 
estimates listed in the Current Situation Report. For example, 
the aquifer thickness is known to be between 25 and 45 feet, so 
the standard run uses 25 feet and the variation uses 45 feet. 

To run the model, data is placed in an input file. A sample 
input file, with explanations for each term, is in appendix 2. 
The input file is made up of three data cards (named from a time 
when computers required cardboard cards for input, the name was 
never updated) and nine data sets. Files may be changed and 


saved with most word processing programs. 





Test No. .1: 


Withdrawal Wells 


TABLE 12 


MODELING SITE A, TEST RUN DATA 


Standard Run 


5 
0.3 


Dispersion Ratio 
Transmissivity 
Aquifer Thickness 
Water Table height 


Ox 


25 
50 


Test No. 2: Dispersion Ratio 


Withdrawal Wells 
Dispersion Ratio 
Transmissivity 
Aquifer Thickness 
Water Table height 
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Test No. 3: Aquifer Thickness 


Withdrawal Wells 
Dispersion Ratio 
Transmissivity 
Aquifer Thickness 
Water Table height 
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Aquifer Thickness 
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Test No. 5: Transmissivity 


Withdrawal Wells 
Dispersion Ratio 
Transmissivity 
Aquifer Thickness 
Water Table height 


Results of modeling 


OMOoO°o Ul 


Ol & 


O°O Wl 


25 
LS 5 


On 


OMmo°o Ul 


14 


-14 


~14 


~14 


04 


ee 


58 


When a test run is completed, the results are placed into an 


output file. 


for each run, these files are quite lengthy. 


Unfortunately, 


Because of the number of time increments required 


in 
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USGS-MOC, the time increments for calculations cannot be changed. 
However, the output file can be edited in a word processing 
program after the run is completed. A complete sample output file 
for test run number one (standard) is in appendix 3. Output 
files include grids showing the concentration and changes in 
concentration for each time increment. The model also calculates 
the chemical mass balance for each time increment and places it 
in the output file, as well. In addition, the concentration and 
head at each selected observation point is shown for each time 
increment. 

As stated in the introduction, one of the main objectives of 
this paper is to examine and compare the specific results for the 
five test runs involving Site A. Therefore, they will be 
addressed in detail in the discussion section. 

DISCUSSION 
Test run results, Site A 

The output files for each test run include a concentration 
grid for each time increment. This grid shows the shape of the 
plume and the contaminant concentrations at each node or cell in 
the grid. Remember, the objective is to vary certain aquifer 
parameters and look at the effects on migration. An excellent 
way to do this is to compare the concentration grids for each 
test run at the end of 1 year, 3 years, and 5 years. 

In figure 25, each concentration grid is color coded, 
depending on the degree of contamination to facilitate comparing 


contamination distributions. Every 8 mg/L change in 
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concentration is represented by a different color. 
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FIGURE 25 Color chart for plume shape and concentration. 

Figure 26 shows the concentration grids for the "standard" 
test run. This will be the basis for comparison with the other 
model results. Figure 24 may be referred to for the location of 
Site A and the Vinland wells on the grid. Looking at figure 26, 
the highest contaminant concentration remains at Site A. The 
direction of flow of the plume shows the effect, or pull, of the 
Vinland wells. However, even with the effect of the wells, the 
plume is still moving down-gradient, toward the constant-head 
boundary representing the Hood Canal, at the bottom of the grid. 
Over time, the general shape of the plume does not change, but 
the higher concentrations in the center of the plume do spread to 
cover a larger area. For this run, there is only 1 withdrawal 
well showing any contamination. 

Figure 27 shows the concentration grids after increasing the 


dispersion ratio from 0.3 to 0.9. Notice that there is little 
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difference between this grid and the standard run, in that the 
plume shapes are very similar. However, the contaminant . 
concentrations in the center of the plume are lower for this run. 
In addition, the concentrations to the right of Site A, away from 
the wells, are slightly elevated. This is expected because with 
a higher dispersion ratio, the plume would tend to spread more 
while heading down-gradient. But overall, even with these small 
differences, it appears that dispersion ratio is not a major 
controlling factor on the degree of migration in this case. As 
with the standard run, there is only 1 withdrawal well with any 


contamination. 
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FIGURE 26 Concentration grids for test run 1 (Standard). 
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FIGURE 27 Concentration grids for test run 2 (Dispersion Ratio). 
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Figure 28 shows the concentration grids after increasing the 
aquifer thickness from 25 feet to 45 feet. Again, there ae no - 
Significant differences between these grids and the standard run. 
In this grid, the contaminant concentrations in the center of 
the plume are only slightly lower, but the shape is very close to 
the standard. This is not surprising, since a change in aquifer 
thickness would effect migration in the vertical direction more 
than it would effect the plume shape. Unfortunately, USGS-MOC 
does not have the ability to show migration in the vertical 
direction. In the end, it appears that aquifer thickness, like 
dispersion ratio, is not a controlling factor on migration. 
Figure 29 shows the results of changing the water table 
height from 50 feet to 135 feet. Unlike prior test runs, these 
grids are much different than the standard run grids. The 
highest contaminant concentrations are no longer limited to Site 
A. In fact, concentrations of over 96 mg/L appear in one-third 
of the plume for all 3 time increments. Remember, the maximum 
initial concentration was only 100 mg/L. In addition, because of 
the large change in gradient (from 135 feet to 0 over the grid 
area), the Vinland wells appear to have only a minor effect on 
the plume shape. The concentrations on the left side of the 
plume (brown in color) are slightly higher than the 
concentrations on the right side (maroon in color), showing a 


slight pull toward the wells. 
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FIGURE 28 Concentration grids for test run 3 (Aquifer Thickness). 
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FIGURE 29 Concentration grids for test run 4 (Water Table) 
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The overall results of this test run show that the plume is 
more highly concentrated and much larger than the SCandande 
Therefore, the migration potential appears to increase noticeably 
with an increase in water table height or aquifer gradient. 

The concentration grids for the final test run are shown in 
figure 30. In these grids, the transmissivity was changed from 
0.14 to 0.04. Decreasing this parameter seems to have the 
opposite effect of increasing the gradient. Like other test 
runs, the highest contaminant concentration appears at the site. 
But in this case, the plume appears to be moving in two different 
directions. On the left side, the effect of the Vinland wells is 
obvious. In fact, the pull of the wells seems to be the 
strongest influence on the plume shape. This is expected with 
such a low transmissivity. However, on the right side of the 
plume, away from the wells, the gradient has the strongest 
influence on contaminant migration. Although the concentrations 
are low, averaging 4 mg/L, the plume is still moving down- 
gradient, toward the Hood Canal. 

As a final note for this run, although the dispersion ratio 
is unchanged, the plume is more wide-spread than the standard 
run, particularly up-gradient of the site. Reasons for this are 
unknown. Perhaps it is the result of a slow migration rate, in 
that with slower migration, the contaminant may have a better 
chance of dispersing in more directions, than with a higher flow 


Gace. 





68 


CONCENTRATION 


ities 1 YEAR 


ee SS CS 
Sess 
> 
ENR SS) 
re OO 


ope 
Bares 






op 


op 
Be SS is 


go eRe 


“S4BR. mere Meg es 7 


Zz 
Q 
Q 
Q 


a 


al 
4) 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
4) 
4) 


S8SsSs9sE@8O8sse 
SSS8EV™rY+H+Oss 


GQAOANWWNHASQAS 
SGeo0oeaoaoaesesadadadds 


S12 oy 


3 YEARS 


— 
= 
It] 


Ry 
Rin 
ane 





‘10. 


SesesseseggseseuH 
88988 sEBIS)8 8 9 
SeSsssMrrOse 
SGESurrwaneses 
Ssesesesssees9s 


a 
8ed ® 
Qr WwW 


ie: 2 YEARS 


Oroadadd 


OrFWFHEWNOQOSAS 
Geo0ooeoosood0odddd 





GSeo0o0ood0odsoododds 


888s s@HOs es 9 
S8se9—)v9@s 8 


Goeo0orna 


(sire a 


( WITHDRAWAL WELLS 
SITE A TEST NO. 5 -— S WITHDRAWAL WELLS, DISPERSION RATIO @.3, 


BeeNSMISSIVITY @.04, AQUIFER THICKNESS 25 FEET, WATER TABLE 
HEIGHT 50 FEET, RUN TIME 5 YEARS. 


FIGURE 30 Concentration Grids for test run 5 (Transmissivity). 
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Results of selected observation points, Site A 

After comparing all test runs, it is clear that water table 
height and transmissivity effect the migration of contaminants at 
Site A more than other parameters. However, before any specific 
conclusions are drawn, one more set of comparisons should be 
made. The model results for all runs should be compared at 
selected observation points. Please refer back to figure 24 for 
the specific location of the four observation points selected for 
these model runs. 

Observation point one is located to the north of Site A, 
next to the Vinland area withdrawal wells. This location was 
chosen to look at the effects of the wells on migration, without 
the effects of a constant-head boundary. Figure 31 is a graph 
showing the change in concentrations at observation point one 
over the selected run time. The graph covers the five year 
period, because it is important to see not only the final 
concentration for each test run, but also the trend over the 


entire time. 
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For all test runs, concentrations remain low at this ~ 
observation point, at less than 1 mg/L. However, while most 
concentration averages are below or equal to 0.3 mg/L, the 
concentration for the run in which transmissivity was varied 
averages twice that, or 0.6 mg/L. While this may not appear to 
be significant, due to the low overall levels, it does show that 
transmissivity is the controlling factor at observation point 
one, in that when transmissivity is decreased, the concentration 
increases. Referring back to figure 30, the concentration grids 
for test run number 5 show that with a lower transmissivity, the 
plume spreads or disperses laterally to the gradient instead of 
parallel to it. Knowing this, it is not surprising that the 
concentration would be higher at observation point one when the 
transmissivity is decreased. 

Figure 32 shows the results at observation point two. This 
location was selected to look at the effects of the withdrawal 
wells combined with the effects of a constant-head boundary. 
Because this observation point is located down-gradient of Site 
A, this will also influence the results. The graph shows that 
the overall concentrations are much higher at this location than 
at observation point one. This is an expected effect of gradient 
on migration. During the 5 year time period, the concentrations 
of most test runs increased to roughly 60 mg/L after five years. 
However, two of the runs (transmissivity and water table height) 
increase for the first six months, then level off at 0.5 and 5 


mg/L respectively. 
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When the gradient or water table height is increased, the 
plume is pulled toward the Hood Canal (bottom of the grid). 
Because this observation point is located so far to the left of 
the site (2800 feet), it makes sense that concentrations for test 
run number 4 (water table height) would decrease with an increase 
in gradient. In fact, any increase in contaminant levels at all 
should be due mainly to diffusion. The same holds true for test 
run number 5 (transmissivity). 

Observation Point three is located down-gradient from Site 
A, so that migration can be examined without the influence of the 
wells or constant-head boundaries. Figure 33 shows the results 
at this location. As shown, the highest concentrations occur 
when the water table height is increased. This is expected, and 
was shown earlier in the concentration grids for that test run 
(figure 29). During other test runs, concentrations increase 
during the first six months, as with observation point two, then 
level off at an average of 75 mg/L. However, the run in which 
transmissivity was decreased is an exception. Here, the 
concentration reached no more than 10 mg/L. Referring to the 
concentration grids for that test run, this is also an expected 
result. A low transmissivity would limit the amount of 


contaminant that would reach this observation point. 
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The final graph, figure 34, shows the results at observation 
point four. This point was chosen to illustrate the effects of a 
constant-head boundary, without the influence of the wells. As 
shown, the concentration reached in most runs is equal to or less 
than 5 mg/L. The exception here is the run in which the water 
table height was increased. Although the concentration levels 
off at the same time increment, after the first six months, it 
levels off at roughly 25 mg/L, or five times the concentration of 
the other runs. Since observation point four is located more 
down-gradient than any other point, a higher concentration would 
be expected here with an increase in water table height. This 
also corresponds to the concentration grids for test run number 


4, shown in figure 29. 
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Summary of model results for Site A 

After examining the output files for all test runs, 
transmissivity and water table height (or gradient) are found to 
be the two most sensitive factors controlling migration at Site 
A. A lower transmissivity caused a decrease in migration, with 
one exception. In the vicinity of the Vinland wells, the 
concentrations were slightly elevated when this parameter was 
decreased. But the overall levels were still under 1 mg/L. 
Because the wells are located at the same elevation as Site A, or 
only slightly lower, the effects of diffusion would result in the 
increased levels, particularly with a lower transmissivity. 

On the other hand, when the water table height was 
increased, the migration also increased. The only exception is 
when both area wells and a constant-head boundary influence 
migration. However, this observation point was located at some 
distance from Site A, and at the same elevation as the site, so 
an increase in water table height would have little influence. 
Because of the large changes in concentration that occur when 
water table height is increased, it appears to have the strongest 
influence on migration from Site A, and should be examined in 
detail when evaluating the site. 

The concentration grids for test runs 2 and 3 (dispersion 
ratio and aquifer thickness) were surprising in that varying 
these values did not effect the general shape and direction of 
the plume. In addition, at the four observation points, the 


concentrations for these runs were close to the contaminant 
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levels found in the standard run. Therefore, variations in the 
dispersion ratio or aquifer thickness will not strongly effect 
contaminant migration, if at all. 

DISCUSSION 
Model Applicability to Site A 

Going through this groundwater model was valuable because it 
provided an easy way to vary different aquifer characteristics 
and see the effect on contaminant migration. However, if the 
objective had been to specifically simulate the actual migration 
from Site A and obtain true contaminant levels, additional 
information would be required. 

First, precise soil and hydraulic data must be obtained. A 
range of possible values for any one parameter would not be 
acceptable input data. Secondly, the aquifer’s true no-flow 
boundaries must be mapped for accurate model simulation. 

Finally, accurate initial pollutant concentrations at the site 
must be obtained and a time period must be chosen to project 
contaminant migration. 

Unfortunately, even with all this additional information, 
the resulting concentrations would still be inaccurate because 
USGS-MOC does not take the possible chemical and physical 
reactions (i.e. adsorption, degradation) of each contaminant into 
account. However, if enough is known about the behavior of the 
Specific pollutants, numerical relationships could be developed 
to account for these reactions and then applied to the model 
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If all the necessary adjustments were made to account for 
contaminant behavior, the resulting concentrations would be close 
to simulating the actual migration patterns. While using USGS- 
MOC alone may not provide accurate results, I believe it does 
provide a good first look at the potential pollutant migration 
from the site. 

Fate of Contaminants 

The only contaminant consistently detected in soil samples 
both on and adjacent to Site A was RDX. Because of this 
compound’s low solubility and sorption coefficient, I believe 
that while the bulk of RDX disposed of at the site will remain in 
the soil media, this compound has the highest potential for 
migration in groundwater. Levels of RDX were found in surface 
and groundwater samples, although the concentrations were 
extremely low. 

TNT was detected at high concentrations in the surface soil 
amples at the site, but other samples (surface and subsurface) 
show low levels, if any. Concentrations of TNT were also found 
in surface water samples, but at low levels as well. Although 
TNT was not detected in groundwater, I believe there is potential 
for this compound to migrate through both surface and groundwater 
due to its high solubility and low desorption coefficient. 

Although the phthalates were detected in only a few soil 
Samples (none were found in water samples), they were 
consistently detected in plant tissue at the site, Because of 


their high volatility and low solubility, I believe 
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bioaccumulation would be the only potential for migration from 
Site A, and even then it would be limited to the flora in the 
immediate oe 

Zinc was detected in all soil samples at high 
concentrations, and also found at slight levels in surface water. 
Because Zinc 1s insoluble, this compound will remain in the soil 
media with little chance for migration. 

The RI Process 

After going through the RI process, I have made the 
following observations. First, when examining a hazardous waste 
Site, extreme care must be taken to ensure that the evaluation is 
as accurate as possible. To accomplish this, sampling must be 
detailed and the data analysis must be specific, which is more 
difficult than it appears. When most contaminants were disposed 
of at these sites, the words "hazardous waste" were practically 
non-existent. Therefore, very few, if any, records were kept 
regarding the waste materials and the quantities discarded, as 
is the case for Site A. This results ina lack of raw data, 
which in turn makes the evaluation less reliable, not only 
effecting the outcome of the RI, but also effecting the FS 
portion of the clean up process. Because the development of 
remediation alternatives depends on the data collected and 
analyzed, weaknesses in the evaluation of the site are carried 
over to the Feasibility Study. 

Secondly, because extensive field sampling fie expensive and 


time-consuming, computer modeling can be used to supplement 
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sampling and assist in developing a picture of the potential for 
contaminant migration. While modeling, itself, will not result 
ina complete site evaluation, it 1s an excellent way to vary the 
unknown parameters and examine the effects of these changes on 
contaminant migration. This approach can save valuable time by 
showing what the critical parameters are and where future efforts 
should be concentrated. 

I believe the existing RI process is well-organized and 
adequate to carry out its purpose. However, the accuracy and 
completeness of the final RI is a function of the complexity of 
the site being evaluated. Obtaining an RI with a high degree of 
confidence requires expenditure of both time and money. 

Judgement must be used to find a balance between expenditure and 
the detail of accuracy of the final report, particularly with a 
more complex site. 

CONCLUSIONS 

The objective of this study was to gain experience on the RI 
process. Data from an actual hazardous waste site (Site A) was 
necessary to carry out this study. The effort involved obtaining 
information of the behavior of the contaminants and the 
hydrogeological and surface water characteristics at a hazardous 
waste site. A second goal was to gain experience with 
application of a groundwater flow computer model, USGS-MOC, to 
evaluate contaminant transport from Site A. The following 
conclusions and results from this study are summarized for Site 


A. First: 
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1. Contamination is present in soil, surface water, and 
groundwater, with the majority found in the soil media. 

2. Contaminant concentrations in the soil adjacent to Site 
A are the result of dust movement and/the heavy traffic involved 
in opeations conducted at the site. 

3. Contaminant migration in surface water is toward the 
stormwater discharge area; rates are unknown. 

4. Contamination is present in groundwater, but rates of 
migration are unknown. 

General conclusions for the entire exercise are: 

1. Computer modeling can provide a way to vary unknown 
parameters and examine the effects on contaminant migration. 

2. Although accurate concentrations cannot be obtained by 
using USGS-MOC, it does provide a good first look at contaminant 
migration. 

3. To minimize the limitations of the existing RI process, 
field sampling and analysis should be coupled with computer 
modeling, when evaluating a hazardous waste site. 

4. The existing RI process is well-organized, but problems 
with complexity of compounds makes it very costly and time- 
consuming to characterize a site with a high degree of 


confidence. 
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CHRONOLOGY OF SITE A 


U.S. Naval Magazine Facility, Bangor is established as 
a transfer point for ordinance. 


Demilitarization of ordnance is added to Bangor’s 
mission. 


March, Site A is established as an ammunition burning 
and detonation site. 


An incinerator for small arms and dangerous pyrotechnic 
items, and a shielded blast pit for TNT detonation was 
added to Site A. In addition, several pits, trenches, 
and/barrel storage areas were added. 


Demilitarization peaks due to Vietnam. 


500 cy of material with TNT and RDX was removed from 
Site F and burned with fuel oil and scrap lumber at 
Site A. 


Most activities at Site A ceased, as the result of 
concerns by the Navy and U.S.G.S. 


Demilitarizing operation buildings were demolished and 
burned at Site A. 


The Navy begins Assessment and Control of Installation 
Pollutants (ACIP) program to evaluate waste disposal 
Sites at SUBASE, including Site A. 


Revegetation of Site A. 


Navy convenes a combined local task force to identify 
sites as sources of potential pollution. 


Limited testing of materials is conducted two to three 
times a year at Site A. 

340 soil samples are collected from Site A, most 
samples are taken within a depth of 4 feet. 


261 water samples are collected from Site A and 
vicinity by SUBASE personnel. 


Cessation of on-site excavations at Site A. 


September, Navy initiates (NACIP) in response to 
CERCLA. 


286 water quality samples have been collected at Site A 
and the vicinity. 





1981 


1983 


1984 


1984-1985 


1985 


1986 


1986 


1987 


1988 
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Initial Assessment Study (IAS) is conducted on Site A 
as part of NACIP. 


Navy constructs a diversion structure to route local 

surface flows to the stormwater discharge area, where 
water infiltrates the ground before discharge to the 

Hood Canal. 


Navy contracts to develop a POA and conduct 
verification and characterization studies of 11 sites, 
including Site A. 


Samples of clams and oysters on Hood Canal are analyzed 
for TNT, RDX, otto fuel, and/picric acid, no detectable 
levels of TNT or RDX are found. 


The report is issued by the contractors. 


The characterization study, conducted under NACIP is 
conducted. 


Congress enacts SARA, so the Navy suspends further 
NACIP activity and phases in RI/FS programs. 


EPA adds Site A to the NPL list and RI/FS scoping is 
initiated. 


April, A current situation report is completed 
analyzing existing information, identifying information 
and data gaps, and evaluating interim remedial measures 
(IRM). 


Official RI/FS completed. The results have not been 
made available to the author. 
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TRANSMISSIVITY 0.14, 


1 1 
0 


, 


113200 


5.0001 0.25 100. 


NOWNONWON A OO 
DAO PFPWAAAA YH 


0 0.14 
© 25.0 
0 0.0 
ee  O 
000000000 
O2Z2222220 
OO0O0000000 
000001000 
000001000 
OO0000000 
OO00000000 
OOO0000000 
000000000 
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000000000 
2 
1 


j 
S 


- O. 
e 80. 


BY (SB) 


orve"o @ © @271o OC oC 0 CF 
ee e# @ @® @®@ @ 
ooo 0 0 
e oe ee @ @ 


© 
O 


0.01 
10. 
0.01 
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0.01 
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O. 
Oe 
O. 
O. 
0. 
O. 
0. 
Os 


oulk. A TEST NO. 


1k 
QO. 

0.0 

100.0 
O. O. 
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O. OQ. 
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O. OO. 
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O. O. 
O. O. 
O30: 


7 


O. 
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QO. 
O. 
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O. 
0. 
OF 
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Ore 


i 
AQUIFER THICKNESS 25, 
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Oo: O. 800. 
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0.0 0 

Oe 30% 
80. 0. 
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Oe 0" 

Oz. 30% 

OeO:; 

Oe OF 

O. O. 


DISPERSION RATIO 


9 


800. 
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WATER TABLE 50) 


0 


0 


A 
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CARD NO. 1 


Mmiene: SITE A TEST NO. 5 Title and description of 
fewEGLLS, DISPERSION RATIO 0.3, the problem to be 
TRANSMISSIVITY 0.14, AQUIFER modeled. 


THICKNESS 25, WATER TABLE 50) 


CARD NO. 2 


1 Maximum number of time steps in the pumping period. 
1 Number of pumping periods. 
9 Number of nodes in the X direction. 
ia Number of nodes in the Y direction. 
6200 Maximum number of available particles, maximum is 3200. 
1 Number of time steps between printouts of hydraulic and 


chemical output data. 


7 Number of iteration parameters, must be between 4 and 7, 
usually set at 7. 


4 Number of observation points in the problem, to be 
defined in data set 1. 


100 Maximum permitted number of iterations. 


5 Number of withdrawal or injection wells in the problen, 
to be defined in data set 2. 


9 Initial number of particles per node, 9 is used for 
Unlteorms cy . 
2 Number of node identification codes required, to be 


defined in data set 6. 


10 Particle movement interval for printing chemical output 
gata . 

0 Option for printing computed velocity, 0 = do not print. 

0 Option for printing computed dispersion equation 
coefficients, 0 = do not print. 

1 Option for printing computed changes in concentration, 1 
= print 


0 CpeELOnmrOnme printing sounech Velocity data, 0 = do not 





print. 


CARD NO. 3 


5 


0001 


225 


ZOO 


Pumping period in years when running problem 
Convergence criteria. 

Effective porosity of soil. 

Longitudinal dispersivity of porous medium. 

Storage coefficient, set equal to 0O for steady flow. 


Time increment multiplier for transient flow problems, 
equal to 0 if steady state. 


Size of initial time step in seconds, equal to O if 
steady state. 


Width of each finite difference cell in the X direction. 
Width of each finite difference cell in the Y direction. 


Dispersivity ratio, transverse to longitudinal 
dispersivity. 


Maximum cell distance per particle move, usually set 
equal to 0.5, limit is 1. 


Anisotropy factor. 


DATA SET NO. 1 


OUND W 
Oo oOn~] > 


X and Y coordinates of the observation points. 


DATA SET NO. 2 


3 3 0.01 
24 FO. 0 
2 95 0.01 
3 6 10.0 
2 6 0.01 


X and Y coordinates of the withdrawal or injection 
wells. In this case, since all wells are 
withdrawal, the next number is the rate of 
pumping, in cf/sec. 


DATA SET NO. 3 


0 0.14 


Parameter card for transmissivity. If assumed 
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homogeneous throughout the problem grid, it is set 
equal to 0, with the transmissivity following. 


DATA SET NO. 4 


e250 


Parameter card for aquifer thickness, assumed to be 
homogeneous. 


DATA SET NO. 5 


0 0.0 


Parameter card for aquifer recharge/discharge. 


DATA SET NO. 6 


11.0 


000000000 
022222220 
000000000 
000001000 
000001000 
000000000 
000000000 
000000000 
000000000 
SZ2222220 
000000000 


Parameter card for node identification codes. 


Node identification matrix for the problem 
grid. The number 2 shows the location of the 
constant head boundaries. The number 1 shows 
the location of the source, or Site A. 


DATA SET NO. 7 


Z 


Node identification instructions. This number is the 
node identification code used in the matrix in data set 
no. 6. 


Multiplication factors if needed. 


Initial concentration of contaminant in 


constant head boundaries. 


source or 


Recharge values if needed. 


Override values if needed. This is used to preserve the 
values for recharge set in data set no. 5. It is equal 
to 0 if there is no recharge. 


These are the same as defined above. Initial 
concentration is set to 100.0 here since these 
figures represent Site A. 


DATA SET NO. 8 


m1.0 


Parameter card for water table elevations. 





Peeeeo.s Of. O. Of. ODO; OO. OO ODO. 
OeeoO. 80. 80. 80. 80. 80. 80. OO. 
O. O. Of. Of Of Of O1 ODO ODO. 
mes Of. Of. OO. 55. O«< OO ODO. 
teeeo.e OO. O<;~.§ OO. 50. O. OO. ODO. 
feos. Of. O. Of. O.~;§ OO. OO. ODO. 
O. O. O. Of Of Of OL DO. OO. 
Sree Oo. Of. Of. O/- O OW ODO OO. 
moe O. O. Of. Of. Of OW ODO. 
fore O. O. Of. OO. Ove DO. OO. 
O. OO. 0Oj{~. Oj. Of«~- O ODO ODO. ODO. 


Water table elevation matrix. Values must be set for all 
constant head boundaries and source of contamination. The bottom 
constant head boundary is set to 0 in this case because it 
represents the Hood Canal. 


DATA SET NO. 9 


0 0.0 Parameter card for initial concentration in the 
aquifer. It is set equal to 0 since the only 
source of contamination is from Site A. 
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U.S.G.S. METHOD-OF-CHARACTERISTICS MODEL FOR SOLUTE TRANSPORT IN 
GROUND WATER 


THIS VERSION IS DISTRIBUTED BY INTERNATIONAL GROUND WATER MODELING 
CENTER 

HOLCOMB RESEARCH INSTITUTE, BUTLER UNIV., INDIANAPOLIS, IN 46208, 
USA 


TITLE: SITE A TEST NO. 1 (5 WELLS, DISPERSION RATIO 0.3, 
TRANSMISSIVITY 0.14, AQUIFER THICKNESS 25, WATER TABLE 50) 


ie \ ie san Oe by DATA 


GRID DESCRIPTORS 


NX (NUMBER OF COLUMNS) = 9 
NY (NUMBER OF ROWS) = 1 
XDEL (X-DISTANCE IN FEET) =~ 800.0 
YDEL (Y-DISTANCE IN FEET) =~ 800.0 


TIME PARAMETERS 


NTIM (MAX. NO. OF TIME STEPS) = 1 
NPMP (NO. OF PUMPING PERIODS) = 1 
PINT (PUMPING PERIOD IN YEARS) = 5.000 
TIMX (TIME INCREMENT MULTIPLIER) = .00 
TINIT (INITIAL TIME STEP IN SEC.) = ae 
HYDROLOGIC AND CHEMICAL PARAMETERS 

S (STORAGE COEFFICIENT) = . 000000 
POROS (EFFECTIVE POROSITY) = 225 
BETA (CHARACTERISTIC LENGTH) = 100.0 
DLTRAT (RATIO OF TRANSVERSE TO 

LONGITUDINAL DISPERSIVITY) = .30 
ANFCTR (RATIO OF T-YY TO T-XX) = 1.000000 

EXECUTION PARAMETERS 
NITP (NO. OF ITERATION PARAMETERS) = 7 
TOL (CONVERGENCE CRITERIA - ADIP) = 0001 
ITMAX (MAX.NO.OF ITERATIONS - ADIP) = 100 
CELDIS (MAX.CELL DISTANCE PER MOVE 

OF PARTICLES - M.O.C.) = .500 

NPMAX (MAX. NO. OF PARTICLES) = 3200 
NPTPND (NO. PARTICLES PER NODE) = 9 


PROGRAM OPTIONS 


NPNT (TIME STEP INTERVAL FOR 


COMPLETE PRINTOUT) = 1 
NPNTMV (MOVE INTERVAL FOR CHEM. 
CONCENTRATION PRINTOUT) = 10 


NPNTVL (PRINT OPTION-VELOCITY 





TIME INTERVAL (IN SEC) 


~-15779E+09 


NPNTD 


NUMOBS 


NREC 

NCODES 
NPNCHV 
NPDELC 


STEA 


LOCATION 
NO 


mWN 


O=NO; 
2=ALL 
(PRINT 


1=FIRST TIME STEP; 
TIME STEPS) 
OPTION-DISP. COEF. 
O=NO; 1=FIRST TIME STEP; 
2=ALL TIME STEPS) 

(NO. OF OBSERVATION WELLS 
FOR HYDROGRAPH PRINTOUT) 
(NO. OF PUMPING WELLS) 
(FOR NODE IDENT.) 

(PUNCH VELOCITIES) 

(PRINT OPT.-CONC. CHANGE) 


DY-STATE FLOW 


OF OBSERVATION WELLS 
. X Y 


OuUN W 
Oo Ox~) 


LOCATION OF PUMPING WELLS 


X Y  RATE(IN CFS) CONC. 
3.ceed .0100 00 
2 ott 10.0000 .00 
2 5 .0100 .00 
ao 6 10.0000 . 00 
2 6 .0100 00 
AREA OF ONE CELL = . 6400E+06 
X-Y SPACING: 
800.00 
800.00 
TRANSMISSIVITY MAP (FT*FT/SEC) 
. OOE+00 . 0OE+00 . OOE+00 . OOE+00 
.OOE+00  .00E+00 # .OOE+00 
.OOE+00 1.40E-01 1.40E-01 1.40E-01 
1.40E-01 1.40E-01 .O00OE+00 
.OOE+00 1.40E-01 1.40E-01 1.40E-01 
1.40E-01 1.40E-01 .00OE+00 
.OOE+00 1.40E-01 1.40E-01 1.40E-01 
1.40E-01 1.40E-01 # .0OE+00 
.OOE+00 1.40E-01 1.40E-01 £1.40E-01 
1.40E-01 1.40E-01 .0OOE+00 
.OOE+00 1.40E-01 1.40E-01 1.40E-01 
1.40E-01 1.40E-01 .00E+00 
.OOE+00 1.40E-01 1.40E-01 #£1.40E-01 
1.40E-01 1.40E-01 .O00E+00 
.OOE+00 1.40E-01 1.40E-01 £1.40E-01 


ll 
O 


leu i ue ll 
FON U1 


- OOE+00 


1.40E-01 


1.40E-01 


1.40E-0O1 


1.40E-0O1 


1.40E-0O1 


1.40E-01 


1.40E-01 


oS 


FOR SOLUTE-TRANSPORT SIMULATION = 


- OOE+00 


1.40E-01 


1.40E-01 


1.40E-01 


1.40E-0O1 


1.40E-01 


1.40E-01 


1.40E-01 





1.40E-01 1.40E-01 .O00E+00 
.O0OE+00 1.40E-01 1.40E-01 1.40E-01 
1.40E-01 1.40E-01 .O00E+00 
.OOE+00 1.40E-01 1.40E-01 1.40E-01 
1.40E-01 1.40E-01 .O0O0E+00 
. 0OE+00 . OOE+00 . 0OE+00 . 0OE+00 
.OOE+00 .00E+00 # .OOE+00 
AQUIFER THICKNESS (FT) 
nor 6U€UC* Ot‘ “ON:C‘ OM CUO Ct«CwSCODCi‘(i«wW#C 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
“oO; 30m .0 Gao; «0  .0 4.0 &~«.0 
DIFFUSE RECHARGE AND DISCHARGE (FT/SEC) 
. OOE+00 . OOE+00 . 0OE+00 . 0OE+00 
.0OOE+00 .00E+00 # .00E+00 
. OOE+00 . OOE+00 . OOE+00 . OOE+00 
.OOE+00 .00E+00 .00E+00 
. OOE+00 . OOE+00 . 0OE+00 . OOE+00 
.OOE+00 .00E+00 # .0OOE+00 
. OOE+00 . OOE+00 . OOE+00 . OOE+00 
.O0OE+00 .00E+00 # .0OE+00 
. 0OE+00 . OOE+00 . OOE+00 . 0OE+00 
.OOE+00 .00E+00 # .O0OE+00 
. 0OOE+00 . OOE+00 . OOE+00 . OOE+00 
.0OOE+00 .00E+00 # .O00E+00 
. OOE+00 . OOE+00 . OOE+00 . OOE+00 
.OOE+00 .00E+00 .OOE+00 
. OOE+00 . OOE+00 . 0OE+00 . OOE+00 
.OOE+O00 .O00E+00 # .00E+00 
. OOE+00 . OOE+00 . OOE+00 . OOE+00 
.OOE+00 .00E+00 .O00E+00 
. OOE+00 . OOE+00 . OOE+00 . 0OE+00 
.OOE+00 .O00E+00 .OOE+00 
. OOE+00 . OOE+00 . 0OE+00 . 0OE+00 
.OOE+00 .00E+00 .OOE+00 
PERMEABILTY MAP (FT/SEC) 
. 0OE+00 . 0OE+00 . OOE+00 . 0OE+00 
.OOE+00 .00E+00 .OOE+00 
.0OE+00 5.60E-03 5.60E-03 5.60E-03 
5.60E-03 5.60E-03 .00E+00 
.0OE+00 5.60E-03 5.60E-03 5.60E-03 
5.60E-03 5.60E-03 .00E+00 
-OOE+00 5.60E-03 5.60E-03 5.60E-03 
5.60E-03 5.60E-03 .00E+00 
.OOE+00 5.60E-03 5.60E-03 5.60E-03 


1.40E-01 
1.40E-01 
- OOE+00 
-O 
-O 
0 
0 
- 0 
0 
- 0 
- 0 
ae) 
0 
- 0 
- OOE+00 
- OOE+00 
- OOE+00 
- OOE+00 
- OOE+00 
- OOE+00 
- OOE+00 
- OOE+00 
- OOE+00 
- OOE+00 


- OOE+00 


- OOE+00 


5.60E-03 


5.60E-03 


5.60E-03 


5.60E-03 
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1.40E-01 


1.40E-01 


- OOE+00 


- OOE+00 


- OOE+00 


- OOE+00 


- OOE+00 


- OOE+00 


- OOE+00 


- OOE+00 


- OOE+00 


- OOE+00 


- O0OE+00 


- OOE+00 


- OOE+00 


5.60E-03 


5.60E-03 


5.60E-03 


5.60E-03 





<hbe 


owoenh—03 5.605-03 - OOE+00 

- OOE+00 5.60E-03 5.60E-03 5.60E-03 5-60E-03 5.60E-03 
5.60E-03 5.60E-03 - OOE+00 

- OOE+00 5.60E-03 5.60E-03 5.60E-03 5.60E-03 5.60E-03 
5.60E-03 5.60E-03 - OOE+00 

- OOE+00 5.60E-03 5.60E-03 5.60E-03 5.60E-03 5.60E-03 
5.60E-03 5.60E-03 - OOE+00 

- OOE+00 5.60E-03 5.60E-03 5.60E-03 5.60E-03 5.60E-03 
5.60E-03 5.60E-03 - OOE+00 

- OOE+00 5.60E-03 5.60E-03 5.60E-03 5.60E-03 5.60E-03 
5.60E-03 5.60E-03 - OOE+00 

- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 
- OOE+00 - OOE+00 - OOE+00 


NO. OF FINITE-DIFFERENCE CELLS IN AQUIFER = 63 
AREA OF AQUIFER IN MODEL = -40320E+08 SQ. FT. 
NZCRIT (MAX. NO. OF CELLS THAT CAN BE VOID OF 
PARTICLES ; IF EXCEEDED, PARTICLES ARE 
REGENERATED) = 1 


NODE IDENTIFICATION MAP 


0 0) 0 0 0 0 0 0 0 
0 2 2 2 2 2 2 2 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 0 0 
0 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 2 2 2 2 2 2 2 0 
0 0 0 0 0 0 0 0 0 
NO. OF NODE IDENT. CODES SPECIFIED = 2 
THE FOLLOWING ASSIGNMENTS HAVE BEEN MADE: 
CODE NO. LEAKANCE SOURCE CONC. RECHARGE 
2 - LOOE+01 -00 
1 - LOOE+01 100.00 
VERTICAL PERMEABILITY/THICKNESS (FT/(FT*SEC) ) 
- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 


- OOE+00 - OOE+00 - OOE+00 
- OOE+00 1.00E+00 1.00E+00 1.Q0E+00 1.00E+00 1.Q0E+00 
1.00E+OO 1.00E+00 - OOE+00 


- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 
- OOE+00 - OOE+00 - OOE+00 

- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 1.00E+00 
- OOE+00 - OOE+00 - OOE+00 

- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 1.00E+00 
- OOE+00 - OOE+00 - OOE+00 


- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 
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- OOE+00 - OOE+00 - OOE+00 

- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 
- OOE+00 - OOE+00 - OOE+00 

- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 
- OOE+00 - OOE+00 - OOE+00 

- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 


- OOE+00 - OOE+00 - OOE+00 
- OOE+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 
1.00E+OO 1.00E+00 - OOE+00 


- OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 - OOE+00 
- OOE+00 - OOE+00 - OOE+00 
WATER TABLE 

0. 0. 0. 0. 0. 0. 0. 0. 0. 

0. 80. 80. 80. 80. 80. 80. 80. 0. 

0. 0. 0. 0. 0. 0. 0. 0. 0. 


O. O. Oz 0. Oi 55. O. O. O. 
0. 0. 0. 0. O. 50. 0. 0. 0. 
O. O. O. O. O. O. O. O. O. 


feo. Oo. 0. OO. OO. 0. OO. OO. 
oeeeo. oO. O. OO. 0. OO. OO. 0. 
ceo. O. OO. OO. OO. Of. 0. OO. 
Oo. Oo. OO. OO. O<. OO. OO. OO. 
oo. 0. O © Of. 0. OO. OO. 

CONCENTRATION 
NUMBER OF TIME STEPS = 0 
TIME(SECONDS) = .00000 
CHEM.TIME(SECONDS) = .00000E+00 
CHEM. TIME (DAYS) =  .00000E+00 
TIME(YEARS) =  .00000E+00 
CHEM.TIME(YEARS) =  .00000E+00 
NO. MOVES COMPLETED = 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 

HEAD DISTRIBUTION - ROW 

NUMBER OF TIME STEPS = 1 
TIME(SECONDS) = .15779E+09 
TIME (DAYS) =  .18263E+04 
TIME(YEARS) =  .50000E+01 


0 0 0 0 0 0 0 0 0 0 





ooo ooqooqooqo oo 


0 80 80 80 80 80 80 80 0 
0 43 51 58 63 67 68 68 0O 
O -1 24 38 48 55 57 57 0 
0 OO 7 22 36 50 47 46 4O 
0 -6 -16 9 23 32 35 35 £0 
0 -3 -3 6 15 21 24 25 £0 
oe -l Oo wm © 23 15 16 xO 
om © 0O 2 4 6 7 8 0 
a e!6!~COOlC i‘i‘i “O;‘“C‘i‘iO:‘C‘COW:COC 
om © 0O 6 6 60 0 0 OO 
DRAWDOWN 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 -42 -50 -57 -62 -66 -67 -67 
0 2 -23 -37 -47 0 -56 -56 
0 1 -6 -21 -35 0 -46 -45 
0 7 17 +2.}-8 -22 -31 -34 -34 
0 4 4 -5 -14 -20 -23 -24 
0 z: 0 -3 -8 -12 -14 -15 
0 0 0 -1 -3 -5 -6 =-7 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
CUMULATIVE MASS BALANCE -- (IN FT**3) 
RECHARGE AND INJECTION =  .00000E+00 
PUMPAGE AND E-T WITHDRAWAL =  .31605E+10 
CUMULATIVE NET PUMPAGE = __~ .31605E+10 
WATER RELEASE FROM STORAGE =  .00000E+00 
LEAKAGE INTO AQUIFER =  .38022E+10 
LEAKAGE OUT OF AQUIFER = -.64172E+09 
CUMULATIVE NET LEAKAGE = __ .31605E+10 
MASS BALANCE RESIDUAL = 5888.0 
ERROR (AS PERCENT) = .15486E-03 
RATE MASS BALANCE -- (IN C.F.S.) 

LEAKAGE INTO AQUIFER =  .24097E+02 
LEAKAGE OUT OF AQUIFER = -.40670E+01 
NET LEAKAGE (QNET) =  .20030E+02 
RECHARGE AND INJECTION =  .00000E+00 
PUMPAGE AND E-T WITHDRAWAL =  .20030E+02 
NET WITHDRAWAL  (TPUM) =  .20030E+02 

CONCENTRATION 

NUMBER OF TIME STEPS iL 
DELTA T .15779E+09 
TIME (SECONDS) .15779E+09 


CHEM. TIME (SECONDS ) 


CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 


NO. MOVES COMPLETED 


-31812E+07 
- 36820E+02 
- 50000E+01 
- 10081E+00 


10 


oooooqooo0o0o eo 
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oOooooqoqooqooqooqo0o 0 
ooooooooqoo°0o°o 
oooooqoqooo°o°c°o 
OOO0OONDO0OC0 OC 
~ 
OOOONrFrFPOOOO 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 iL ital 
0 0 0 0 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 


CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


oOoo0o0 0 
oOooo0o 0 
cl © ek 
NnOOWOdOCO 
NWOOOO 


OVW 


1 


OO W 


0 
0 
0 
3 
78 
ak 74 1 
15 
1 
0 
0 
0 


OO0OOrRFrRNOO OO 


1 
-15779E+09 
-15779E+09 
-31812E+07 
- 36820E+02 
- 5SOOO0E+01 
- 10081E+00 

10 


OWwWOo0 0 


1 


ews) ~ 
ooo Of F&F DWWOO OC 

_ 
ooooooroo0o°o 


ooO0 0 


1 
-15779E+09 
-15779E+09 
-63624E+07 
- 73639E+02 
- JOOO0OE+01 
-20161E+00 

20 


MWWkr OOO 
Or WOOO 
MWwoodod 


Oo O 


oooooooooo0o°o 


oooqooooqooqooqooqoo 0 


ooo0o0 © 


ooooooqooqoqooo°o 


oooooooqooqooo°o 


oOoO0O00 0 
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0 0 O 12 49 
0 0 O 1 3 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


ocoOo°o°o°o om OO 
S@0q@Go0E0006090 
Se@goooqoqeoo0o0dodo 
ee 
CcO0OOrFPMOCCCOOO 
mW 
SCOOWUNNDDOOO 


CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


SOOCOC CO GOD CO 
SeGooeoeooos 
CODOrFPNKFOOOO 
NN 
DOONDANTIFPOOOO 
WW 
OI 


0 


CHANGE IN CONCENTRATION 


71 4 
21 1 
1 0 
0) 0) 
0 0 
1 
ato? 7IETOO 
-15779E+09 
-63624E+07 
- 73639E+02 
- SOOO00OE+01 
-20161E+00 
20 
0 0 
0 0 
0 0 
3 0 
94 2 
90 5 
70 3 
21 0 
1 0 
0 0 
0 0) 
1 
~-15779E+09 
-15779E+09 
-95436E+07 
-11046E+03 
- SOOOOE+01 
- 30242E+00 
30 
0 0 
0 0 
0 0 
3 0 
95 3 
93 6 
73 8 
44 4 
4 1 
1 0 
0 0 


oo0o0 0 


oooooooqooqoo°0o°o 


OOOrrRO0O0O00 0 


oo0o0 0 


oOoooqooqooqooqooqooqo0o 0 


ooo o0o0qo 0 000 0 
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NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 1 3 
0 0 1 26 34 
0 0 0 25 £469 
0 0 0 2 9 
0 0 0 0 2 
0 0 0 0 0 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 1 2 4 
0 0 2023... a 
0 0 1 46 #79 
0 0 0 6 16 
0 0 0 1 3 
0 0 0 0 il 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 


1 
-15779E+09 
-15779E+09 
~-95436E+07 
-11046E+03 
- 50000E+01 
»-30242E+00 

30 


\o 

N 

_ 
oOo0O ff OUNODWOCO 


-15779E+09 
-15/7/79E+09 
~12725E+08 
~-14728E+03 
- 50000E+01 
-40323E+00 
40 


\O 
W 
OrFWN DAWOOO OO 


1 
-15779E+09 
-15779E+09 
~12725E+08 
~-14728E+03 
- 5|0000E+01 
-40323E+00 


ooo oooqooooo°o 


oOoOrrFOCOOOCO0O0O0O 


oooo oqo ooo 00 Oo 


ooooooqoqoqoo0o 0 
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101 


NO. MOVES COMPLETED = 40 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 3 0 0 0 
0 0 1 1 3 31 94 2 0 0 
0 0 2 23 43 #89 £93 6 0 0 
0 0 0 45 78 87 87 8 0 0 
0 0 0 5 16 #72 #258 6 0 0 
0 0 0 0 5 39 q 2 0 0 
0 0 0 0 0 3 3 0 0 0 
0 0 0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .15906E+08 
CHEM. TIME (DAYS) =  .18410E+03 
TIME(YEARS) = .50000E+01 
CHEM.TIME(YEARS) =  .50403E+00 
NO. MOVES COMPLETED = 50 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 0 0 
0 0 2 2 4 32 495 3 0 0 
0 0 4 26 40 90 93° «15 0 0 
0 0 2 65 82 89 88 8 1 0 
0 0 ieal 23 79 59 8 i 0 
0 0 0 I ole 57 | “ho 5 1 0 
0 0 0 0 2 7 7 2 0 0 
0 0 0 0 0 0 0 0 0 0 


TIME VERSUS HEAD AND CONCENTRATION AT SELECTED OBSERVATION 
POINTS 
PUMPING PERIOD NO. 1 


STEADY-STATE SOLUTION 


OBS.WELL NO. x Y N 
HEAD (FT) CONC. (MG/L) TIME (YEARS) 
i 3 4 
0 
0 0 .000 
1 
237 at FORO 





Zoe / 


Coe! 


23.7 


23.7 


23.7 


7s a | 


23.7 


23.7 


23.7 


23.7 


25/7 


23.7 


23.7 


23.7 


Zo. / 


23.7 


23.7 


7 ae | 


23.7 


23.7 


23.7 


23.7 


Zo. 7 


eo./ 


23.7 


23.7 


~020 


-030 


~040 


-050 


- 060 


~O71 


-081 


-O091 


-101 


ol 


e121 


~131 


~141 


StS It 


-161 


ra ley aE 


~-181 


~ 192 


- 202 


-212 


~-222 


2232 


242 


2252 


-262 


272 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


2> 


26 


27 


28 
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23.7 


23.7 


23.7 


23.7 


23./] 


23.7 


23.7 


23.7 


23./ 


23.7 


Zain 


23.7 


23.7 


23. / 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


25.7 


HEAD (FT) 


-O 
OBS.WELL NO. 
CONC. (MG/L) 


~- 282 


~ 292 


@ 302 


~ 313 


° 323 


~ 333 


~ 343 


- 353 


- 363 


~373 


- 383 


«393 


- 403 


~- 413 


~- 423 


~ 433 


~444 


~454 


~ 464 


~-474 


~- 484 


~494 


- 504 


X 


TIME (YEARS) 


2 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


103 





- 000 


-010 


- 020 


- 030 


-040 


- 050 


- 060 


~071 


-081 


-O091 


~101 


e111 


e121 


0131 


~141 


e151 


-161 


2171 


~-181 


~192 


~ 202 


~-212 


222 


0232 


~ 242 


2252 


10 


11 


12 


13 


14 


15 


16 


17 


18 


m9 


20 


21 


22 


23 


24 


25 


26 
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0 
HEAD (FT) 


1.9 
OBS.WELL NO. 
CONC. (MG/L) 


~ 262 


2/2 


~202 


~292 


- 302 


- 313 


~ 323 


me 


~ 343 


~ 353 


- 363 


-3073 


- 383 


~ 393 


-403 


-413 


~ 423 


~ 433 


~ 444 


~454 


-464 


~474 


~- 484 


~494 


-504 


X 


TIME (YEARS) 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 
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40.3 


14.7 


20.5 


~-000 


~010 


-020 


030 


.040 


e 050 


- 060 


-071 


~-081 


~-091 


~101 


~11l 


~121 


~131 


~141 


~151 


~ daGadk: 


272 


- Ler 


~ 192 


~ 202 


-212 


222 


~232 


10 


11 


12 


is 


14 


15 


LG 


17 


18 


19 


20 


ef 


22 


23 


24 


106 


24.5 


34.3 


372 


42.0 


47.1 


49.9 


50.6 


54.7 


33.6 


60.4 


63.6 


65.0 


66.8 


68.5 


TOL 


70.9 


P26 4. 


73.4 


74.6 


75.9 


76.5 


77.2 


78.0 


78.2 


78.4 


78.7 


242 


252 


- 262 


272 


- 282 


~ 292 


~- 302 


. oe 


~323 


~333 


~ 343 


« JOG 


- 363 


373 


- 383 


~ 393 


-403 


-413 


~423 


- 433 


~-444 


454 


-464 


474 


-484 


-494 


25 


26 


Zt 


28 


29 


30 


3 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 
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8.9 
0 
HEAD (FT) 


AIee 


-504 


OBS.WELL NO. 


CONC. (MG/L) 


TIME (YEARS) 


-000 


~010 


-020 


-030 


-040 


-050 


- 060 


071 


-081 


-091 


-101 


-1lil 


mas all 


2131 


-141 


«FSi 


- 161 


= 


-181 


~192 


- 202 


212 


X 


8 


10 


el 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


ee 


108 





~222 


«22 


~242 


2252 


~ 262 


-2/2 


~- 282 


sage 


~ 302 


«o13 


2323 


2333 


~ 343 


«353 


- 363 


2373 


~ 383 


~ 393 


-403 


~413 


~423 


~ 433 


~-444 


~454 


~ 464 


2474 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


109 





110 


7.6 58 .484 
49 
7.6 9 .494 
50 
7.6 9 .504 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T = .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) =  .19087E+08 
CHEM. TIME (DAYS) = .22092E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .60484E+00 
NO. MOVES COMPLETED = 60 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 0 0 
0 0 2 2 4 37 95 3 0 0 
0 0 4 33 36 90 94 7 0 0 
0 0 4 64 83 89 88 9 1 0 
0 0 foe 19 #28 80 51 8 il 0 
0 0 0 2 44 69 13 7 1 0 
0 0 0 @ 46 28 #4210 4 iL 0 
0 0 0 0 0 0 0 0 0 0 
CHANGE IN CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) =  .19087E+08 
CHEM. TIME (DAYS) =  .22092E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .60484E+00 
NO. MOVES COMPLETED = 60 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 O 0 0 0 0 0 
0 0 0 O 0 0 2 0 0 0 
0 0 2 1 3 37 4294 3 0 0 
0 0 4 32 35 90 93 6 0 0 
0 0 Sas es so» 87 8 0 0 
0 0 1 Slew S28 so 50 7 0 0 
0 0 0 2 43 #69 £13 6 1 0 
0 0 0 Om 5 27 9 4 0 0 
0 0 0 0 0 0 0 0 0 0 


CONCENTRATION 





sae = 
‘ee seers 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 3 
0 0 4 28 45 
0 0 5 74 84 
0 0 1 23 33 
0 0 0 6 65 
0 0 0 0 44 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


NOOO Oo 


ooo qo Qo 0 0000 0 
OoOoooooooqo 00 0 
O0OOrFrFUAPNOO OO 
N 
0 


CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 


1 
57 728 t09 
-15779E+09 
~-22268E+08 
-25774E+03 
- JOOOOE+01 
- 70564E+00 
70 


WOoOoOdo 


95 


88 
48 
15 
12 


\O 
WW 
OUNN ONO OOOO 


1 
~-15779E+09 
~£5779E+09 
~-22268E+08 
~-25774E+03 
- JOOO0OE+01 
- 70564E+00 

70 


\O 
WW 
OMUWNNDOHNWOOOCO 


~-15779E+09 
- 15779E+09 
~-25450E+08 
~-29456E+03 
- JOOOOE+01 
- 80645E+00 


OrRFrrFrRPOOOOCO 


OrrFoOoOcCcCOOOCO0O0 Oo 


Oooooooqo oe 00 0 


oOoOoooqoqo o0o0oo0 © 


os EM 





NO. MOVES COMPLETED = 80 
0 0 0 0 0 0 0 0 
0 0) 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 i 3 0 
0 0 2 2 4 34 9% 3 
0 0 5 3a 38 90 93 15 
0 0 5 75 84 89 88 8 
0) 0 4 27 38 82 51 8 
0 0) BL 8 7.0. 77 LS 7 
0 0 0 1 60 57 15 6 
0 0 0 0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS = iL 
DELTA T = .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .25450E+08 
CHEM. TIME (DAYS) = .29456E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .80645E+00 
NO. MOVES COMPLETED = 80 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 O 0 0 3 0 
0 0 2 a % 33 £94 3 
0 0 & 31 Se 90 93 #£«®215 
0 0 a, 7A ef so a7 8 
0 0 Ss @ oF es 50 2 
0 0 0 > GO 76 14 7 
0 0 0 ® 59) 57 U5 6 
0 0 0 0 0 0 0 0 
NPCELL 


kaka KKK KKKKKKKK KKK KKK KKK 


a Se ey ee 
kkk 13 21 18 14 15 18 18%** 
kkk 18 25 20 15 9 16 19% 
keke 9 211117 5 10 15%k* 
kkk 9 17:16 16 16 15 21%** 
kkk 6 20 22 9 13 13 18%** 
kkk 10 O 0 16 11 20 14%k* 
ms 8 6G 6 275 10 18 17#8e 
tke 10 9 9 9 9 Q QkkE 
kkkkkkkkkhkkkkekckkaekakakkekeaeak 


CONCENTRATION 


NUMBER OF TIME STEPS = yf 


OrFPrrrFOOOOCOO Oo 


S Sos © © © OC © © 


oooo0o0ooo0o°o °o 


ooooo0oooo0o 0 


Lay2 





oOo O00 O00 00 000 


oo ogo 0 00 00 000 


CHEM. 


CHEM. 


CHEM. 


DELTA T 

TIME (SECONDS) 
TIME (SECONDS) 
TIME (DAYS) 
TIME (YEARS) 
TIME (YEARS) 


NO. MOVES COMPLETED 


NO. MOVES COMPLETED 


Yi ww Wen 


O O O O 
O O O O 
O O O O 
0 O O O 
O 2 2 5 
O S 2 64 
0 5 71 86 
0 6 28 59 
O 1 S 71 
O O 2 64 
0 O O O 
CHANGE IN CONCENTRATION 
NUMBER OF TIME STEPS = 
DELTA T = 
TIME(SECONDS) = 
CHEM.TIME(SECONDS) = 
CHEM . TIME (DAYS) = 
TIME(YEARS) = 
CHEM.TIME(YEARS) = 
NO. MOVES COMPLETED = 
O O O O 
0 O O O 
0 0 O O 
O O 0 0 
0 1 iL 4 
O 4 25 £53 
0 a 7o «eo 
0 6 27 #259 
0 0 Ss 7 
0 O 2 64 
O O O O 
CONCENTRATION 
NUMBER OF TIME STEPS = 
DELTA T = 
TIME(SECONDS) = 
CHEM.TIME(SECONDS) = 
CHEM. TIME (DAYS) = 
TIME(YEARS) = 
CHEM.TIME(YEARS) = 


« 15779809 
. LSTISETO9 
-28631E+08 
. 3 31IBVBE+OR 
. 5S0000E+01 
.90726E+00 


90 


m& OO O 


Co © 
CO Wi 
ONNOWWWOC0 OO 


a 


‘LO7 TIERS 
LOTTI ERO9 
-28631E+08 
- 3S3LIBE+TO 3 
- 5S0000E+01 
-90726E+00 


90 


00 
8) 
ONAN WOWOWOT0OD 


uf 


-1LS779ERO9 
257 79ers 
~31812E+08 
- 36820E+03 
- 50000E+01 
-10081E+01 
100 


OrrrFr OO O'OoO oo 


Orrroooo0o°o Oo 


oooo0ooo 000 0 


ooo 00 00 000 0 


3 





oOo oo 0o 0 00000 


HEAD 


ooo oo Qo 0 000 0 


eo./ 


23.7 


23.7 


23.7 


eo. 7 


23.7 


23.7 


23.7 


23.7 


Zo./ 


23.7 


23.7 


23.7 


Zo. / 


23.7 


(FT) 


OONNNANODWO0C OC 


OBS.WELL NO. 


CONC. (MG/L) TIME (YEARS) 


Woodoao 


- 000 


~-514 


~-924 


~-534 


® 544 


~-554 


. E65 


eS, 


. 585 


es, 


~ 605 


OS 


~oZ2 


~635 


-645 


~-655 


OrFrrFrRPrRPOOOOO 


ooooooo0o0o0c0°o 


10 


ne 


12 


13 


14 


15 


16 


114 


23.7 


23%. / 


2357 


23.7 


23.7 


Z3./ 


23.7 


23.7 


Zo. / 


23.7 


23.7 


25.9 


23./ 


23.7 


25. / 


23.7 


23. / 


23./ 


23.7 


2a. / 


Z3./ 


23.7 


ea. 7 


23:5 / 


23.7 


~-665 


-675 


~685 


- 696 


- 706 


- 716 


~ 726 


- 736 


~- 7/46 


- 756 


- 766 


~ 1776 


- 7/86 


- 7/96 


-806 


-817 


-827 


~837 


-847 


-857 


-867 


~877 


- 887 


- 897 


-907 


~917 


oy 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


LS 





Zoe / 


23.7 


ra ae | 


a ae | 


Zoe 


23.7 


23.7 


23.7 


23.7 


HEAD (FT) 


0 .927 
43 

0 .937 
44 

0 .948 
45 

.0 .958 
46 

.0 .968 
47 

.0 .978 
48 

0 .988 
49 

0 .998 
50 

0 1.008 
OBS.WELL NO. X Y N 

CONC. (MG/L) TIME (YEARS) 
2 2 7 

0 

0 .000 
1 

2.1 .514 
2 

Ay. .524 
3 

Dae .534 
4 

228 544 
5 

2.4 554 
6 

2A 565 
7 

2.6 575 
8 

be, .585 
9 

3.5 .595 
10 

3.6 .605 
11 

3.9 .615 
12 

4.0 .625 
13 

4.7 .635 


14 
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~-645 


~-655 


~-665 


~-675 


-685 


- 696 


- 706 


~ 716 


~ 726 


~ 736 


~ 746 


- 756 


- 1/66 


~ 776 


- 786 


~ 796 


- 806 


~817 


~827 


~837 


847 


~857 


- 867 


~877 


-887 


897 


15 


16 


aby 


18 


1 


20 


Pat 


22 


23 


24 


Zo 


26 


PAT | 


28 


29 


30 


31 


BZ 


23 


34 


35 


36 


37 


38 


39 


40 


sly, 


HEAD (FT) 


oes 


OBS .WELL NO. 
CONC. (MG/L) 


79.2 


793 


79.4 


T9.6 


79.6 


197 


wR 9 


80.0 


80.1 


80.2 


80.5 


.907 
41 

.917 
42 

n009 
43 

.937 
44 

.948 
45 

.958 
46 

.968 
47 

.978 
48 

.988 
49 

.998 
50 

1.008 
X Y N 

TIME (YEARS) 
5 8 

0 

.000 
ah 

.514 
2 

.524 
3 

.534 
4 

544 
5 

554 
6 

.565 
4 

.575 
8 

.585 
9 

.595 
10 

.605 
Ha 

.615 


12 
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80.7 


80.8 


80.9 


$1.1 


81.3 


81.3 


81.4 


Sk. 5 


81.6 


81.6 


$1.95 


81.6 


81.7 


Sd <6 


81.6 


Sa. 7 


oa) 


81.7 


Sars 7 


81.8 


$1 99 


ei.9 


81.9 


SZ 0 


Si.7 


81.5 


- 625 


~-635 


-645 


-655 


. 665 


~675 


~-685 


° 696 


. 706 


. 716 


- 726 


- 1G 


- 746 


- 756 


- 766 


- 776 


- 786 


. 796 


. 806 


OM 


~-827 


~-847 


~857 


-867 


6877 


13 


14 


1 


16 


7 


18 


19 


20 


2a 


22 


23 


24 


25 


26 


ann 


28 


29 


30 


3% 


a2 


38 


34 


35 


36 


37 


38 


Li9 


HEAD (FT) 


83.2 


82.4 


80.3 


80.7 


81.3 


82.5 


82.9 


82.6 


82.6 


82.9 


84.0 


83.7 


84.1 


-887 


~897 


-907 


~ oi 


#92 / 


- 937 


~-948 


-958 


968 


~978 


-988 


-998 


1.008 
OBS.WELL NO. 
CONC. (MG/L) 


- 000 


~-514 


~524 


-534 


~-544 


~554 


-565 


~575 


- 585 


~595 


39 


40 


4l 


42 


43 


14 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


8 2 


10 


120 


- 605 


-615 


«625 


-635 


~-645 


~655 


-665 


~-675 


-685 


- 696 


- 706 


- 716 


~ 126 


- 736 


- 746 


- 756 


- 766 


~/776 


- 786 


~796 


- 806 


-817 


-827 


-837 


-847 


-857 


11 


12 


13 


14 


15 


16 


17 


18 


JP, 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


121 


ooooooqoooo0co°o 


7.6 1.2 
7.6 1.2 
7.6 1.2 
7.6 1.2 
7.6 eZ 
7.6 1.2 
7.6 1.2 
7.6 eZ 
7.6 1.2 
7.6 Us 
7.6 a 
7.6 1.2 
7.6 1.2 
7.6 1.2 
7.6 1.3 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS ) 
CHEM. TIME (SECONDS) 


CHEM. TIME (DAYS) 


TIME (YEARS) 


CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


oo oo oooooo © 


CHANGE IN CONCENTRATION 


0 0 0 
0 0 0 
0 0 0 
0 0 0 
2 2 4 
5 22 46 
ital 68 79 
7 55 84 
2 33 75 
0 5 68 
0 0 0 


lou ul 


- 867 

-877 

- 887 

-897 

~907 

~917 

~927 

937 

~-948 

~-958 

- 968 

-978 

-988 

-998 

1.008 

1 
-15779E+09 
-15779E209 
-34993E+08 
~-40501E+03 
- 50000E+01 
~-11089E+01 
110 

0 0 
0 0 
0 0 
3 0 
95 3 
33 7 
78 8 
43 8 
29 7 
26 7 
0 0 


OrRrrrPrPRrRPOOCOOO OS 


OoOoooooo0o0 0 0 


a7, 


38 


39 


40 


4l 


42 


43 


44 


45 


46 


47 


48 


49 


50 
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NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 il 1 3 
0 0 5 21 £45 
0 Oo 11 68 #79 
0 0 7 54 ° 84 
0 0 1 33 74 
0 0 0 4 68 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 

DELTA T 

TIME (SECONDS) 


CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 3 
0 0 5 18 46 
0 0 10 69 82 
0 0 ge 63 82 
0 0 2 43 719 
0 0 0 5 70 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 


omekeoke) 


rFOoOOO 


29 
90 
88 
78 
82 
68 

0 


1 
~-15779E+09 
7 LO7IIETO9 
- 34993E+08 
-40501E+03 
- 5|0000E+01 
~-11089E+01 
110 


0 0 
0 0 
0 0 
2 0 
94 3 
92 6 
78 8 
42 8 
28 7 
Zo 6 
0 0 
1 
-15779E+09 
~-15779E+09 
-38174E+08 
-44183E+03 
- 50000E+01 
-12097E+01 
120 
0 0 
0 0 
0 0 
3 0 
95 9 
93 Z 
83 8 
58 7! 
18 8 
26 7 
0 0 
1 
~-15779E+09 
-15779E+09 
-38174E+08 
-44183E+03 


- S|0000E+01 


OrRFrrROOCOOCOOCOOCO Oo 


OrRrRrRPrRPOOOCOO0C O 


ooo ooo o0o00 0 


oOoooooooo0o 0° 
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CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 il 3 
0 0 4 17 46 
0 0 10 68 82 
0 os «2 63 °&«82 
0 0 2a 42° «©7779 
0 0 0 5 70 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 3 
0 0 6 29 £447 
0 fe 6 72 #4284 
0 a0 73 #&«282 
0 0 3 «60«557_i TS 
0 0 0 6 71 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 

TIME (SECONDS) 

CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 

NO. MOVES COMPLETED 


oOoO0 0° 
oOo0o°o 
Oooo 0 
oo0 Oo 
oOo0oO0 0 


lot dt te ue 


or 2O97E+TOL 
120 
0 0 0 
0 0 0 
0 0 0 
0 2 0 
Pa) 94 9 
89 92 7 
88 82 8 
78 oy! 7 
82 17 7 
67 25 7 
0 0 0 
1 


-15779E+09 
« 1L57979E+09 
-41356E+08 
~-47865E+03 
- 50000E+01 
~13105E+01 
130 


Ke OOO 


\O 

© 

\o 

W 

_ 
ONAN VU AWOODOCO 


0 0 


1 
e157 79109 
2157798 t09 
-41356E+08 
-47865E+03 
- 50000E+01 
~-13105E+01 
130 


rFPOoOOoO 
NOOO 
OoO0 0 


OrrRPrRPOOOOOCOO Oo 


OrrrrROOOOOC Oo 


oOoO0 0 


oooo0o0o0o0°oco0o0°o 


oooooooo00 0 


oOoO0 0 
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0 0 2 2 3 
0 0 6 28 £47 
0 0 15 71 84 
0 0 9 73 #482 
0 0 Sy a A 
0 0 0 Sueey1 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 4 
0 0 6 29 47 
0 0 23 77 ~~ #85 
0 0 Supr7l 8 igo 
0 0 4 57 #4279 
0 0 1 6 74 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 

TIME (SECONDS) 
CHEM. TIME (SECONDS) 

CHEM. TIME (DAYS) 

TIME (YEARS) 

CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 3 
0 0 6 29 £447 
0 0 22 #77 ~~ 85 
0 0 8 70 81 
0 0 3 56 78 
0 0 0 6 74 
0 0 0 0 0 


94 3 
93 13 
87 8 
50 7 
14 6 
22 7 

0 0 
1 


-15779E+09 
-15779E+09 
-44537E+08 
-51547E+03 
- JOOOOE+01 
~-14113E+01 
140 


0 0 

0 0 

0 0 

3 0 

95 3 

93 7 

88 9 

52 8 

14 u 

19 6 

0 0 

1 

~-15779E+09 
~-15779E+09 
-44537E+08 
-51547E+03 
- JOOOOE+01 


-14113E+01 
140 


0 0 
0 0 
0 0 
2 0 
94 3 
93 6 
87 8 
51 7 
7 

6 

0 


OrrRrRrROOOOO Oo OrFrrOOO 


OrrRrRPOOOOOO Oo 


ooooooqoqo0o0o°o ooo oqooqo0 0 


oooocoqo0oeo°o°c”o 
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1 
~-15779E+09 
~-15779E+09 
-47718E+08 
-55229E+03 
- J|OOOOE+01 
~-15121E+01 
150 


0 0 
0 0 
0 0 
3 0 
95 3 
93 15 
88 9 
45 Ti 
15 7 
18 7 
0 0 


OBS.WELL NO. 


CONCENTRATION 
NUMBER OF TIME STEPS = 
DELTA T = 
TIME(SECONDS) = 
CHEM.TIME(SECONDS) = 
CHEM. TIME (DAYS) = 
TIME (YEARS ) = 
CHEM. TIME (YEARS) = 
NO. MOVES COMPLETED = 
0) 0 0 0 0 
0 0 0 0 0 
0 0 0 0 ) 
0 0 0 0 0) 
0 0 2 2 4 
0 0 8 30 47 
0 0 a7 78 85 
0 0 17 78 82 
0 0 12 60 76 
0 0 1 7 76 
0 0 0 0 0 
HEAD (FT) CONC. (MG/L) 
0 .0 
eoel .0 
woe 7 .0 
eo. / .0 
of .0 
23.7 .0 
216 rat | .0 
Zoe] .0 
23.7 .0 
Zo.7 .0 
woel .0 


TIME (YEARS) 


- 000 


1.018 


1.028 


1.038 


1.048 


1.058 


1.069 


1.079 


1.089 


1.099 


1.109 


OrrrrRPOOCOOOO Oo 


ooo0oooqo0o0o00 0 


10 
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23.7 


25. 7 


23.7 


23.7 


PSSM | 


23.7 


23.7 


23.7 


23.7 


Zoe | 


23.7 


23.7 


Zo. | 


23.7 


2307 


23.7 


23.7 


23.7 


23.7 


Za./ 


23.7 


23.7 


23.7 


Pa. / 


Zo.7 


23 ./ 


1.i9 


1.129 


1.139 


1.149 


lL. 2359 


1.169 


1.179 


1.190 


1.200 


1.210 


1.220 


1.230 


1.240 


1.250 


1.260 


1.270 


1.280 


1.290 


1.300 


1.310 


1.321 


Llveant 


1.341 


1.820 


1.361 


1.371 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


ZS 


26 


27 


28 


29 


30 


eit 


32 


33 


34 


35 


36 
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23.7 


23.7] 


23.7 


23.7 


2a./ 


23.7 


eo. / 


23./ 


23./ 


23.7 


23.7 


mB. / 


23.7 


Zo. / 


HEAD (FT) 


0 


1.381 


i391 


1.401 


1.411 


1.421 


1.431 


1.442 


1.452 


1.462 


1.472 


1.482 


1.492 


L502 


1.582 


OBS.WELL NO. 


CONC. (MG/L) 


- 000 


1.018 


1.028 


1.038 


1.048 


1.058 


1.069 


1.079 


1.089 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


2 7 


128 


10.9 


11.0 


11.6 


12.2 


12.3 


12.8 


P29 


13.0 


13.0 


10.1 


10.2 


10.3 


10.5 


10.6 


10.7 


10.8 


10.6 


10.7 


10.9 


11.0 


15.8 


15.8 


15.9 


19.6 


19.6 


19.6 


1.099 


1.109 


1.119 


1.129 


1.139 


1.149 


1.159 


1.169 


se By 


1.190 


1.200 


1.210 


1.220 


1.230 


1.240 


1.250 


1.260 


1.270 


1.280 


1.220 


1.300 


1.310 


Me Sade 


Bec at 


1.341 


1.351 


10 


11 


12 


13 


14 


15 


16 


7 


18 


zg 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


eo 


HEAD (FT) 


CONC. 


19.7 


19.7 


19.8 


22.6 


22.6 


22.7 


19.4 


19.5 


19.6 


26.9 


26.9 


27.4 


27.4 


33.4 


33.4 


26.6 


INE GileyIl 


1.371 


1.381 


1.391 


1.401 


1.411 


1.421 


1.431 


1.442 


1.452 


1.462 


1.472 


1.482 


1.492 


1.502 


1.512 


OBS.WELL NO. 


(MG/L) 


84.0 


83.8 


85.0 


85.7 


86.4 


86.5 


-000 


1.018 


1.028 


1.038 


1.048 


1.058 


1.069 


35 


36 


a7 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


5 8 


130 


86.5 


85.0 


83.9 


82.3 


62.2 


81.3 


80.5 


80.2 


73 G6 


79.0 


7921 


78.6 


78.8 


78.4 


79.5 


80.1 


80.6 


80.8 


81.4 


81.9 


82.3 


83.0 


S32 


83.5 


Sano 


83.9 


1.079 


1.089 


1.099 


1.109 


1.119 


1.29 


1.139 


1.149 


1.159 


1 kG 


Lang 


1-0 


1.200 


LiZ2eo 


1.220 


1.230 


1.240 


1.250 


1.260 


1.270 


1. 280 


1.290 


1.300 


1.310 


2.320 


1.331 


10 


11 


az 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


Pi | 


28 


22 


30 


41 


32 
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HEAD (FT) 


84.0 


83.9 


84.0 


83.9 


83.8 


83.7 


83.6 


83.5 


83.5 


83.5 


83.5 


83.5 


83.5 


83.6 


$3.7 


$3.7 


83.8 


83.8 


1.341 


jb Sioy al 


1.361 


1.37 


1.381 


1.398 


1.401 


1.411 


1.421 


1.431 


1.442 


1.452 


1.462 


1.472 


1.482 


1.492 


1.502 


1.512 


OBS.WELL NO. 


CONC. (MG/L) 


- 000 


1.018 


1.028 


1.038 


1.048 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


8 9 


132 


1.058 


1.069 


1.079 


1.089 


1.099 


1.109 


5 ae Be 


1. LZ9 


1.139 


1.149 


1.159 


1.169 


1.179 


1.190 


1.200 


1.210 


1.220 


1.230 


1.240 


1.250 


1.260 


1.270 


1.280 


1.290 


1.300 


1.310 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 
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134 


31 
Joe 1.3 1.320 
32 
7.6 13 Toon 
33 
7G 1.3 1.341 
34 
a6 22 15 1 
35 
7.6 1.3 1.361 
36 
7.6 1.3 see iy al 
a7 
76 1.3 iesion 
38 
7.6 se 1.391 
39 
7.6 13 wea. onl 
40 
7.6 1.3 1.4/1 
41 
Jiac iL) 1 jaa 
42 
7] a6 1.3 1.431 
43 
7a 3 1.442 
44 
7.6 1.3 1.452 
45 
7.6 1n3 LAG 
46 
7.6 3 lege 
47 
7.6 2 1.482 
48 
7% ipa tT. 492 
49 
76 2 1.502 
50 
76 1.3 4.512 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .50899E+08 
CHEM. TIME (DAYS) = .58911E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .16129E+01 
NO. MOVES COMPLETED = 160 


0 0 0 0 0 0 0 e) 0) 





0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 4 
0 0 7 26 47 
0 0 32 79 85 
0 0 23 76 82 
0 0 6 72 79 
0 0 Jf 14 77 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 

TIME (SECONDS) 

CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 

NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 3 
0 0 6 26 £47 
0 0 31 78 85 
0 0 22 #76 81 
0 0 6 72 #479 
0 0 0 14 #476 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 4 
0 0 7431 wa 
0 0 18 79 85 
0 0 33 77. #82 


loud di tb ud wed 


bbb ud ut ued 


0 0 
0 0 
3 0 
95 3 
93 7 
88 9 
45 7 
15 vi 
18 7 
0 0 
1 
-15779E+09 
~15779E+09 
-50899E+08 
-58911E+03 
- 50000E+01 
- 16129E+01 
160 
0 0 
0 0 
0 0 
2 0 
94 3 
93 6 
87 8 
45 7 
15 7 
17 7 
0 0 
1 
-15779E+09 
~15779E+09 
-54080E+08 
-62593E+03 


- 5|0000E+01 
~17137E+01 
170 


0 0 
0 0 
0 0 
3 0 
95 3 
93 13 
88 9 
52 7 


OrrPoOOoOOoOOoOCOOCO0O Oo OrrPrPrFOOOO Oo 


rProOooOoOooC Oo 


oooooqooooo°o oOoooooqooqooo0o 0 


oooooqoo°o°o 


Lo 


_-. 





0 0 6 70 78 
0 0 1 Ze 78 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


oon o ono Ro RonoRonono 
ooo Rone Ro RoRoRonono 
WH 

DONDWINNODOOOO 

LJ 

=) 

> 

~] 


CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 

TIME (SECONDS) 

CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 

NO. MOVES COMPLETED 


oooooo0o0o0o79c;”eo 
oooooqoqo0ooo0o © 
WN 

OrnNOFPUONOOOCO 

N 

N 

oe 

=) 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 


81 
76 
0 


15 
18 


ons 


1 
-15779E+09 
-15779E+09 
- 54080E+08 
-62593E+03 
- SO000E+01 
~-17137E+01 
170 


Vo) 
LJ 
a) 
OYINNONNOOOO 


1 
-15779E+09 
~-15779E+09 


~-597262E+08 
-66275E+03 
- 50000E+01 
~-18145E+01 
180 
0 0 
0 0 
0 0 
5 1 
80 3 
84 16 
60 13 
57 7 
rae | 9 
18 6 
0 0 
1 
~ 157 79E+09 


-15779E+09 


Orr 


OrrrPOOOOCOOO Oo 


OrPrrPrFOOOOO Oo 


oOo 


oooo0o0o0°ocoo0oco 


ooooooqo0o o0o0 0 





pis 
; ? ' 
ai 





CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


ooooooqoooo°o 
ooooooooqooqo0 0 
WN 

OOonNWfLOArFOOC SO 

N 

_ 

i 

\O 


CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 

TIME (SECONDS) 

CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 

NO. MOVES COMPLETED 


OoNOOW0O0 


40 76 80 
33 81 88 
16 73 81 
iL 28 78 
0 0 0 


Oooo 0o0QOo0QO0O 00 0 
OoOoooooqoooqo0o0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 


ie © © Ee 


~-57262E+08 
- 66275E+03 
- JOOOOE+01 
~-18145E+01 
180 


0 0 
0 0 
0 0 
5 0 
80 2 
83 15 
60 13 
56 7 
8 

6 

0 


1 
-15779E+09 
-15779E+09 
-60443E+08 


-69957E+03 
- JOOOOE+01 
-19153E+01 
190 
0 0 
0 0 
0 0 
3 0 
94 3 
92 6 
80 ) 
46 10 
39 2 
21 8 
0 0 
1 


~-15779E+09 
~-15779E+09 
-60443E+08 
- 69957E+03 
- JOOOOE+01 
-19153E+01 
190 


OrPrrRPOOOOOOO 


OrFPrFPrFPrPrFOOOCO Oo 


oo ooo oqo 0 0000 


ooo o0o 000000 
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0 0 0 0 0 
0 0 0 0 0 
0 0 2 1 3 
0 0 o 928 41 
0 oo 39) #75 #79 
0 foes2 sO 87 
0 ® 16 73 #480 
0 0 6 28 78 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = 
DELTA T = 
TIME(SECONDS) = 
CHEM.TIME(SECONDS) = 
CHEM. TIME (DAYS) = 
TIME(YEARS) = 
CHEM.TIME(YEARS) = 


NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 4 
0 0 10 2 36 
0 0 A4 77 81 
0 0 38 80 86 
0 0 23 75 83 
0 0 1 29 Ci, 
0 0 0 0 0 


0 0 0 
0 3 0 
33 94 3 
87 91 6 
81 80 8 
86 46 9 
74 38 6 
71 Past if 
0 0 0 
1 
~-15779E+09 
-15779E+09 
-63624E+08 
- 73639E+03 
- 50000E+01 
-20161E+01 
200 
0 0 0 
0 0 0 
0 0 0 
1 3 0 
37 95 3 
90 93 16 
88 75 9 
80 52 7 
79 17 8 
7 
0 


OBS.WELL NO. 


HEAD (FT) CONC. (MG/L) 

“o 0 
a. 7 1 
28.7 20 
23.7 a0) 
20.7 C6 
28.7 x6 
23.7 0 


TIME (YEARS) 


- 000 


Teoae 


1.532 


1.542 


1.552 


1.562 


1.573 


OrFrFrOOOO CO 


OrFrrrrFOOOO0O Oo 


oOoooqoo0o00 © 


oOoooooqoo0qo00 © 
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2a./ 


23./ 


23.7 


23.7 


23.7 


23.7 


Poe | 


23.7 


23.7 


2367 


23.7 


Z3./ 


23.7 


23.7 


23./ 


23.7 


2.7 


23.7 


aaa | 


23.7 


23./ 


23./ 


23.7 


23.7 


23.7 


Z3.7 


1.583 


1.993 


1.603 


1.613 


1.623 


1.633 


1.643 


1.653 


1.663 


1.673 


1.683 


1.694 


1.704 


1.714 


1.724 


1.734 


1.744 


1.754 


1.764 


1.774 


1.784 


1.794 


1.804 


1.815 


1.825 


1.835 


10 


dtal 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


P39 


Zo. / 


23.7 


23.7 


23.7 


eo./ 


23.7 


23.7 


23./ 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


wo./ 


23.7 


HEAD (FT) 


-O 


1.845 


1.855 


1.865 


1.875 


1.885 


1.895 


1.905 


1.915 


i325 


1.935 


1.946 


1.956 


1.966 


1.976 


1.986 


1.996 


2.006 


2.016 


OBS .WELL NO. 


CONC. (MG/L) 


26.7 


26.7 


24.4 


29.7 


-000 


1.522 


1.532 


1.542 


1.552 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


2 7 
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31.4 


31.4 


34.2 


31.7 


31.6 


31.6 


25.2 


25.2 


24.6 


24.7 


2535 


25.5 


17.1 


Lae 3 


17.4 


17.6 


17.7 


17.9 


18.1 


18.2 


18.4 


20.6 


23.5 


23.6 


24.3 


24.4 


1.562 


1.573 


1.583 


L593 


1.603 


1.613 


1.623 


1.633 


1.643 


1.653 


1.663 


1.673 


1.683 


1.694 


1.704 


1.714 


1.724 


1.734 


1.744 


1.754 


1.764 


1.774 


1.784 


1.794 


1.804 


1.815 


10 


11 


12 
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14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 
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HEAD (FT) 


CONC. 


24.6 


29.6 


29.7 


31.0 


31.1 


32.8 


35.0 


35.0 


40.5 


39 3 


34.8 


34.8 


34.8 


38.4 


38.3 


40.4 


43.0 


42.9 


44.1 


44.1 


Loe. 


1.835 


1.845 


1.855 


1.865 


1.875 


1.885 


1.895 


1.905 


gE) Us) 


1.925 


L355 


1.946 


1.956 


1.966 


1.976 


1.986 


1.996 


2.006 


2.016 


OBS.WELL NO. 
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-000 
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33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


5 8 
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84.0 


84.0 


83.9 


83.9 


83.9 


83.9 


83.8 


83.8 


83.8 


83.8 


83.8 


83.7 


83.7 


83.7 


83.8 


83.8 
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83.9 


83.8 


83.8 


85.3 


84.0 


81.7 


82.2 


82.9 


84.3 


1.542 


i Po poy 


1.562 


1.573 


1.583 


Le293 


1.603 


1.613 


1.623 


1.633 


1.643 


1.653 


1.663 


1.673 


1.683 


1.694 


1.704 


1.714 


1.724 


1.734 


1.744 


1.754 


1.764 


1.774 


1.784 


1.794 
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i Dal 
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14 


15 


16 
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18 


19 


20 


Za 


22 


23 


24 
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26 


27 


28 
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HEAD (FT) 


84.3 


$3.29 


83.6 


83.9 


85.0 


84.8 


84.9 


84.7 


84.6 


85.7 


86.3 


86.9 


87.0 


87.0 


85.3 


84.2 


82.6 


82.5 


81.5 


80.7 


80.4 


79.8 


1.804 


1.815 


1.825 


1.835 


1.845 


1.855 


1.865 


1.875 


1.885 


1.895 


1.905 


1.915 


1.925 


L<935 


1.946 


1.956 


1.966 


1.976 


1.986 


1.996 


2.006 


2.016 


OBS.WELL NO. 


CONC. (MG/L) 


-000 


X 


TIME (YEARS) 
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34 
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37 


38 


39 


40 


41 


42 


43 


44 


45 
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47 


48 


49 
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1.522 
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1.542 


1.552 


1.562 


L973 


1.583 


1.593 


1.603 


1.613 


1.623 


1.633 


1.643 


13653 


1.663 


1.673 


1.683 


1.694 


1.704 


1.714 


1.724 


1.734 


1.744 


1.754 


1.764 


1.774 


10 


EL 
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17 
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7.6 1.2 
7.6 2 
7.6 1.3 
7.0 ie 2 
7.6 1S 
7.6 1.2 
7.6 1.2 
7.6 1 4 
7.6 1.3 
7.6 1.3 
7.6 1.3 
7.6 1.3 
7.6 1.3 
7.6 1.3 
7.6 i 3 
7.6 ie 3 
7.6 ae 
co 13 
7.6 1.4 
7.6 1.4 
7.6 1.4 
7.6 1.4 
7.6 1.4 
7.6 1.4 
CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS ) 


1 


1.784 


1.794 


1.804 


1.815 


1.825 


1.835 


1.845 


1.855 


1.865 


1.875 


1.885 


1.895 


1.905 


pe le 


1.925 


i935 


1.946 


1.956 


1.966 


1.976 


1.986 


1.996 


2.006 


2.016 


-15779E+09 
©» 15779E+09 


28 
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30 


31 
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35 
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CHEM.TIME(SECONDS) =  .66805E+08 
CHEM. TIME (DAYS) =  .77321E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .21169E+01 
NO. MOVES COMPLETED = 210 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 
0 0 2 2 4 31 95 3 
0 0 16 30 45 90 93 6 
0 0 43 76 84 89 88 8 
0 0 40 82 84 82 61 8 
0 oo 28 876 8s 80 17 6 
0 0 1 29 #79 #72 =~ «25 8 
0 0 0 0 0 0 0 0 
CHANGE IN CONCENTRATION 
NUMBER OF TIME STEPS = il 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .66805E+08 
CHEM. TIME (DAYS) =  .77321E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .21169E+01 
NO. MOVES COMPLETED = 210 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 3 0 
0 0 2 2 a. al. 94 2 
0 0 16 30 44 «89 ~~ 93 6 
0 0 43 75 84 89. 87 8 
0 mm 39) 381 #84 81 #61 7 
0 o 238 75 82 #79 «16 6 
0 0 Gm 29) 78 #71 #24 1 
0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .69986E+08 
CHEM. TIME (DAYS) =  .81003E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .22177E+01 
NO. MOVES COMPLETED = 220 
0 0 0 0 0 0 0 0 


ONFrFrFrFOOOOO O 


OrPrrFOOOOO0O CO 


oOooo oqo 0 0000 


oOoooooooo°co 0° 
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0 0 0 0 0 
0 0 0 0 0 
0 0 3 3 4 
0 0 11 30 40 
0 0 51 77 85 
0 0 38 82 85 
0 0 27 tal 82 
0 0 1 30 80 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 3 
0 oo 10 29 40 
0 0 50 #77 84 
0 0 38 82. 85 
0 0 26 #76 81 
0 0 of 29 # #«2«3779 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 


NO. MOVES COMPLETED 


oo ooooo0qo 0 © 
ooo 0oqoooo0oo0o0 o 


lid ut tue a 


0 0 
3 0 
o> 3 
93 16 
88 8 
60 8 
13 7 
21 7 
0 0 
1 
-15779E+09 
~-15779E+09 
-69986E+08 
-81003E+03 
- 50000E+01 
»-22177E+01 
220 
0 0 
0 0 
0 0 
3 0 
94 2 
93 15 
88 8 
59 7 
13 6 
21 6 
0 0 
1 
-15779E+09 
-15779E+09 
-73168E+08 
-84685E+03 
- 50000E+01 
~-23185E+01 
230 
0 0 
0 0 
0 0 
3 0 
95 3 
94 7 
88 9 
51 8 
15 7 
19 7 


OrFrPraqocnoo0eo0°o ONFrFrFOOOO 
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ooo oo qo 0 000 0 oOo 0oO0O 0000 0 
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149 


0 0 0 0 0 0 0 0 0 0 
CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS ue 


DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .73168E+08 
CHEM. TIME (DAYS) = .84685E+03 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .23185E+01 
NO. MOVES COMPLETED = 230 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 2 0 0 0 
0 0 2 2 3 37 4994 3 0 0 
0 0 9 36 36 90 93 3 0 0 
0 0 58 78 85 89. 87 8 0 0 
0 0 40 82 84 83 51 7 0 0 
0 0 29 76 78 #80 14 7 1 0 
0 0 3 30 79 72 «18 6 i. 0 
0 0 0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = i 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .76349E+08 
CHEM. TIME (DAYS) = .88367E+03 
TIME(YEARS) = .50000E+01 
CHEM.TIME(YEARS) = .24193E+01 
NO. MOVES COMPLETED = 240 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 0 0 
0 0 3 2 4 31 95 9 0 0 
0 foe il 30 45 #90 = 93 7 0 0 
0 0 47 79 86 90 88 8 1 0 
0 0 50 81 85 84 48 7 1 0 
0 0 35 78 79 #81 15 7 1 0 
0 0 Ae 36) 77) «C75 18 7 i 0 
0 0 0 0 0 0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 1 


DELTA T = .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .76349E+08 
CHEM. TIME (DAYS) = .88367E+03 





150 


TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) = } .24193E+01 
NO. MOVES COMPLETED = 240 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 3 0 0 0 
0 0 3 2 3 30 94 9 0 0 
0 0 11 #29 45 89 = 93 5 0 0 
0 0 47 #79 #85 90 87 8 0 0 
0 0 50 80 84 84 48 7 1 0 
0 0 35 78 79 81 £415 7 1 0 
0 0 sy ee 5 1 0 
0 0 0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .79530E+08 
CHEM. TIME (DAYS) = .92049E+03 
TIME(YEARS) = .50000E+01 
CHEM.TIME(YEARS) =  .25202E+01 
NO. MOVES COMPLETED = 250 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 iL 3 0 0 0 
0 0 3 2 4 34 95 3 0 0 
0 a l7 33 #38 90 #93 #£=15 0 0 
0 0 48 79 86 90 88 8 iL 0 
0 0 52 82 84 84 51 8 1 0 
0 0 34 80 79 82 16 7 1 0 
0 0 4 36 79 76 18 7 1 0 
0 0 0 0 0 0 0 0 0 0 
OBS.WELL NO. X Y N 
HEAD (FT) CONC. (MG/L) TIME (YEARS) 
il 3 4 
0 
0 .0 .000 
1 
Be. 7 40 2.026 
2 
23.7 .0 2.036 
3 


23.7 0 2.046 





Zo. / 


23./ 


Zo. / 


23.7 


23.7 


25 -/ 


Z23./ 


23.7 


23.7 


Z23./ 


23.7 


23 / 


23. / 


23./ 


23.7 


23./ 


23.7 


23.7 


Z23./ 


23.7 


Zoe 


23.7 


23.7 


23.7 


Z25./] 


23.7 


2.056 


2.067 


2.077 


2.087 


2.097 


2.107 


2.117 


2.127 


2.137 


2.147 


2.157 


2.167 


2.177 


2.187 


2.198 


2.208 


2e216 


2.228 


2.238 


2.248 


2.258 


2.268 


2.278 


2.288 


2.298 


2.308 


10 


11 


12 


13 


14 


15 


16 


5 ber 


18 


Lg 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


gens 


23.7 


Br J 


23.7 


23./ 


78 ae | 


23.7 


23. /] 


23.7 


23.7 


Zo. 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23./] 


Zo. / 


eo. 


2367 


23.7 


HEAD (FT) 


-4.1 


0 


Zesug 


2.329 


2.339 


2.349 


22509 


2.369 


2.379 


2.389 


2.399 


2.409 


2.419 


2.429 


2-440 


2.450 


2.460 


2-470 


2-480 


2.490 


2.500 


2.510 


2.520 


OBS.WELL NO. 


CONC. (MG/L) 


44.0 


- 000 


2.026 


X 


TIME (YEARS) 


2 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


152 





43.9 


39.6 


39.6 


39.6 


39.6 


39.6 


39%) 


44.8 


4325 


43.4 


43.4 


43.3 


46.7 


46.6 


46.6 


51.1 


51.0 


50.8 


50.7 


50.6 


50.4 


555 


55.4 


552 


52.2 


52.0 


2.036 


2.046 


2.056 


2.067 


2.077 


2.087 


2.097 


2.107 


2-117 


2.127 


27 


2.147 


2.157 


2.167 


2.177 


2.187 


2.198 


2.208 


2.218 


2.228 


2-238 


2.248 


2.258 


2.268 


2.278 


2.288 


10 


11 


al 


13 


14 


15 


16 


ay 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


153 


is 





HEAD (FT) 


55.7 


58.3 


58.1 


56.1 


56.0 


58.7 


58.5 


43.8 


43.8 


43.8 


40.3 


44.3 


47.3 


47.3 


49.3 


51.8 


51.7 


51.6 


48.1 


48.0 


51.2 


9 aL 


47.5 


2.298 


2.308 


oon? 


2.329 


2.339 


2.349 


2.359 


2.369 


2.379 


2.389 


2.399 


2.409 


2.419 


2.429 


2.440 


2.450 


2.460 


2.470 


2.480 


2.490 


2.500 


2.510 


2.520 


OBS.WELL NO. 


CONC. (MG/L) 


Xx 


TIME (YEARS) 


5 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


154 


1 otere 


79.3 


78.8 


78.9 


78.6 


79.6 


80.3 


80.8 


80.9 


81.6 


82.0 


82.5 


83.2 


83.4 


83.6 


84.0 


84.1 


84.1 


84.1 


84.2 


84.1 


84.0 


83.8 


83.7 


83.7 


-000 


2.026 


2.036 


2.046 


2.056 


2.067 


2.077 


2.087 


2.097 


2.107 


2.117 


2.127 


2.137 


2.147 


2 


2.167 


2.177 


2.187 


2.198 


2.208 


2.218 


2.228 


2.238 


2.248 


2.258 


2.268 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


ZU 


21 


22 


23 


24 


25 


135 


HEAD (FT) 


83.7 


83.6 


83.6 


83.6 


83.6 


83.7 


83.8 


83.9 


83.9 


84.0 


84.0 


84.1 


84.1 


84.1 


84.1 


84.1 


84.0 


84.0 


84.0 


83.9 


83.9 


83.9 


83.9 


83.9 


83.8 


2.278 


2.288 


2.298 


2.308 


2.319 


2.329 


2.339 


2.349 


2.359 


2.369 


2.379 


2.389 


2.399 


2.409 


2.419 


2.429 


2.440 


2.450 


2.460 


2.470 


2.480 


2.490 


2.500 


2.510 


2.520 


OBS.WELL NO. 


CONC. (MG/L) 


xX 


TIME (YEARS) 


26 


27 


28 


29 


30 


31: 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 
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- 000 


2.026 


2.036 


2.046 


2.056 


2.067 


2.077 


2.087 


2.097 


2.107 


27 


2.127 


2.13% 


2.147 


2.157 


2.167 


2.177 


2.187 


2.198 


2.208 


2.218 


2.228 


2.238 


2.248 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


Lo 


2.258 


2.268 


2.278 


2.288 


2.298 


2.308 


2.319 


2-329 


PRE ONE SE, 


2.349 


2.359 


2.369 


2235/9 


2.389 


22597 


2.409 


2.419 


2.429 


2.440 


2.450 


2.460 


2.470 


2.480 


2.490 


2.500 


2.510 


24 


25 


26 


27] 


28 


29 


30 


31 


32 


33 


34 


3:5 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 
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7.6 Lee 
CONCENTRATION 
NUMBER OF TIME STEPS 

DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 2 2 5 

0 @ 16 26 #=953 

0 0 42 79 86 

0 0 56 82. 85 

0 oe 3h 79 #=79 

0 0 42 #+79 

0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 O 0 
0 0 0 O 0 
0 0 O 0 0 
0 0 0 O 0 
0 0 2 1 4 
0 O 16 26 52 
0 0 42 78 #86 
0 0 56 81 84 
0 io 30 78 #79 
0 0 a 41 #79 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 

DELTA T 

TIME (SECONDS) 


CHEM. TIME (SECONDS) 


2.520 


1 
~-15779E+09 
-15779E+09 
-82711E+08 
-95731E+03 
- 50000E+01 
-26210E+01 
260 


00 
O1 
ONNWOWOWOO00O 


1 
~15779E+09 
-15779E+09 
~-82711E+08 
-95731E+03 
- 50000E+01 
-26210E+01 
260 


0 
On 
ONnNOWOWOOC0OO 


1 
-15779E+09 
-15779E+09 
-85892E+08 


OrRPrrFRrRPOOOOOCO 


OrRrrrRPOOOOO0O 0 


Oooo ooqo0qo0O0 0 0 


oOo oqo 0o0o 0000 0 


50 


iLisys) 





CHEM. TIME (DAYS) 

TIME (YEARS) 

CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 4 
0 0 16 27 & 53 
0 0 51 #79 82 
0 0 55 82. 87 
0 of 37 #79 #81 
0 0 Ae 42e| 679 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


oooooooqo0o0o0co°o 
ooooo0o0o0°oo0o0c°o 

~- 

OV 

NO 

~] 

Ol 

WW 


0 0 0 
CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


oo oO 
oO 0° 
ooo 
oo oO 
ooo 


oOo 


-99413E+03 
- |JOOOOE+01 
~-27218E+01 
270 
0 0 
0 0 
0 0 
3 0 
93 3 
87 25 
68 10 
51 12 
39 8 
La 7 
0 0 
1 
-15779E+09 
-15779E+09 
-85892E+08 
~-99413E+03 
- 50000E+01 
~-27218E+01 
270 
0 0 
0 0 
0 0 
3 0 
93 3 
86 22 
67 10 
51 11 
38 8 
17 7 
0 0 
1 


-15779E+09 
-15779E+09 
-89074E+08 
- 10309E+04 
- JOOOOE+01 
»-28226E+01 
280 


oo °o 
oO oO 


OrrrRrrRrPOOOOO 


Orrroocooo°c°o 


oOo 


oooo0qo 00 0000 


ooeoo0o0o0o0o0oc9c9o 


ooo 
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0 0 0 0 0 
0 0 5 2 + 
0 0 ak 25 46 
0 0 57 77 80 
0 0 56 84 87 
0 0 38 79 83 
0 0 4 46 79 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 > 2 3 
0 O 11 #25 £46 
0 0 56 76 #479 
0 0 55 83 87 
0 0 38 #78 82 
0 0 3 46 #479 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM . TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 3 
0 0 10 20 £46 
0 0 58 77 83 
0 0 60 85 85 
0 0 43 79 83 
0 0 4 47 80 
0 0 0 0 0 


3 0 
95 3 
93 7 
78 8 
43 8 
29 fi 
26 7 
0 0 
1 
-15779E+09 
-15779E+09 
-89074E+08 
- LOZO09E+04 
- 50000E+01 
~-28226E+01 
280 
0 0 
0 0 
0 0 
2 0 
94 3 
92 6 
78 8 
43 8 
29 7 
26 7 
0 0 
1 
-15779E+09 
-15779E+09 
-92255E+08 
- 10678E+04 
- 5S0000E+01 
~-29234E+01 
290 
0 0 
0 0 
0 0 
3 0 
95 9 
93 7 
83 8 
58 v 
18 8 
26 7 
0 0 


OrFPrFPrPrPRPOO 


OrrrOOCOCOO0 Oo 


OrrrrFOOOOO Oo 


ooo 0qo0qo00 OC 


ooo ooo ooqo0o0 © 


ooo0ooooqooqooqoo°co°o 
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CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 1 


DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .92255E+08 
CHEM. TIME (DAYS) = .10678E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) = .29234E+01 
NO. MOVES COMPLETED = 290 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 O 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 2 0 0 0 
0 0 2 ih 3 29 494 9 0 0 
0 0 10 20 46 89 92 al 0 0 
0 oo 57 77 «+282 88 82 8 0 0 
0 0 60 84 85 78 57 7) 1 0 
0 0 43 #79 82 #83 #417 7 1 0 
0 0 3 46 79 #71 #4226 7 1 0 
0 0 0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = aL 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .95436E+08 
CHEM. TIME (DAYS) = .11046E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) = .30242E+01 
NO. MOVES COMPLETED = 300 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 O 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 0 0 
0 0 3 2 3 30 £95 3 0 0 
0 ois 32 47 #290 #93 +«#«O14 0 0 
0 0 62 #76 84 89 88 9 1 0 
0 0 60 84 86 84 51 7 1 0 
0 Oo 39 80 82 #78 #14 § 1 0 
0 0 Soa? "80 73 23 7 2 0 
0 0 0 0 0 0 0 0 0 0 
OBS.WELL NO. X Y N 
HEAD (FT) CONC. (MG/L) TIME (YEARS) 
1 3 4 





i 


23.7 


23.7 


23.7 


23.7 


Z5./ 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


Zo. / 


23.7 


23.7 


23.7 


Za. 7! 


23.7 


23./ 


23.7 


23.7 


- 000 


2.530 


2.540 


2.550 


2.560 


2e07. 


2.581 


2.591 


2.601 


2.611 


2.621 


2.631 


2.641 


2.651 


2.661 


2.671 


2.681 


2.692 


2-702 


2.712 


2.722 


2./32 


2-742 


22/52 


2./62 


2.772 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


PAA 


22 


23 


24 


25 


26 
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28.7 
28.7 
2a07 
28.7 
25.7 
28.7 
281.7 
237 
28..7 
23.7 
28.7 
23.7 
23.7 
23.7 
28.7 
25.7 
Ee. 7 
23.7 
23). 7 
28.7 
23.7 
23.7 
23.7 
26.7 


go.7 


HEAD (FT) 


.O 


-O 


2.782 


2.092 


2.802 


2.812 


2.823 


2.833 


2.843 


2.853 


2.863 


2.873 


2.883 


2.893 


2.9103 


22903 


2.923 


2.933 


2.944 


2.954 


2.964 


2.974 


2.984 


2.994 


3.004 


3.014 


3.024 


OBS.WELL NO. 


CONC. (MG/L) 


».4 


TIME (YEARS) 


2/7 


28 


29 


30 


ze | 


32 


36 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


164 


47.5 


42.2 


42.2 


42.2 


42.3 


42.3 


42.3 


42.4 


42.4 


42.4 


44.4 


47.0 


47.0 


47.6 


47.6 


47.6 


50.6 


50.6 


51.5 


Sdye5 


52.7 


54.4 


54.3 


-000 


2.530 


2.540 


2.550 


2.560 


Prey ih 


2.581 


2.591 


2.601 


2.611 


2.621 


2.631 


2.641 


2.651 


2.661 


2-671 


2.681 


2.692 


2./02 


2.712 


2.722 


2./32 


2.742 


2.752 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


165 


57.8 


57.4 


55.1 


55.0 


54.9 


56.8 


56.7 


58.2 


60.2 


60.0 


60.7 


60.6 


60.4 


60.3 


57.9 


57.8 


57.7 


57.5 


57.4 


Sy & 


61.7 


60.9 


60.8 


60.7 


60.5 


62.4 


2./62 


2./72 


2.782 


2./92 


2.802 


2.812 


2.823 


2.833 


2.843 


2.853 


2.863 


2.873 


2.883 


2.893 


2.903 


2.913 


2.923 


2.933 


2.944 


2.954 


2.964 


2.974 


2.984 


2.994 


3.004 


3.014 


25 


26 


2/7 


28 


29 


30 


ai 


32 


33 


34 


aS 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


166 


-4.1 


HEAD (FT) 


G6Zre2 


3.024 


OBS.WELL NO. 


CONC. (MG/L) 


83.9 


83.9 


83.9 


84.0 


84.0 


83.9 


83.9 


85.2 


83.6 


81.2 


81.8 


82.5 


83.8 


83.7 


83.8 


83.5 


83.8 


84.8 


84.6 


85.1 


84.8 


TIME (YEARS) 


-000 


2.530 


2.540 


2.550 


2.560 


2.571 


2.581 


Paro 2° sk 


2.601 


2.611 


2.621 


2.631 


2.641 


2.651 


2.661 


2.671 


2.681 


2.692 


2./02 


2./12 


2.322 


2-152 


10 


Ul 


12 


ie 


14 


15 


16 


17 


18 


Lg 


20 


21 


22 


167 


84.7 


85.8 


86.3 


87.0 


87.0 


87.0 


85.3 


84.3 


82.6 


82.5 


81.5 


80.7 


80.4 


79.9 


Vane 


19a3 


78.8 


71950 


78.6 


79.6 


80.3 


80.8 


81.0 


81.6 


8221 


82.5 


2.742 


2./52 


2./62 


2.772 


2./82 


2./92 


2.802 


2.812 


2.823 


2.833 


2.843 


2.853 


2.863 


2.873 


2.883 


2.893 


2.903 


2.913 


2.923 


2.933 


2.944 


2.954 


2.964 


2.974 


2.984 


2.994 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


168 


HEAD (FT) 


83.2 3.004 
49 

83.4 3.014 
50 

83.6 3.024 
OBS.WELL NO. X Y N 

CONC. (MG/L) TIME (YEARS) 
4 8 9 

0 

0 .000 
il 

i 2.530 
2 

1.2 2.540 
3 

ioe 2.550 
4 

2 2.560 
5 

1.2 2.571 
6 

1.2 2.581 
7 

2 2.591 
8 

dete 2.601 
9 

alee, 2.611 
10 

I 5 2 2.621 
it 

ee 2.631 
12 

le 2.641 
13 

1.2 2.651 
14 

i 2.661 
15 

a 2 2.671 
16 

1.3 2.681 
1 

Lg? 2.692 
18 

2 24702 
19 

dine Qiagalle 


20 


169 


Z2e7ee 


22132 


2.742 


2.752 


2./62 


ZeldtZ 


2./82 


2./92 


2.802 


2.812 


2.823 


2.833 


2.843 


2.853 


2.863 


2.873 


2.883 


2.893 


2.903 


2.913 


2.923 


2.933 


2.944 


2.954 


2.964 


2.974 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


cH) 


38 


39 


40 


41 


42 


43 


44 


45 


46 
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7.6 


CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS ) 


CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 


TIME (YEARS) 


CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


oooooqoqooo0c °& 
oooooqoqoo0o79cjc ° 


CHANGE IN CONCENTRATION 


Woods 


16 30 47 
66 79 85 
52 83 85 
42 79 80 
8 47 80 
0 0 0 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS ) 


CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 


TIME (YEARS) 


CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


oooooooo°0co 
oooo0o0o0o0oc0c°o 


2.984 


2.994 


3.004 


3.014 


3.024 


1 
715779E+109 
~-15779E+09 
-98617E+08 
~-11414E+04 
- 5|0000E+01 
-31250E+01 
310 


\O 
WW 
ONnnNWDWONIWOOCO 


a 
~-15779E+09 
»15779E+09 
-98617E+08 
~11414E+04 
- 5|OOOO0OE+01 
-31250E+01 
310 


\O 
o> 
AnNNIODANAWOOOC SO 


OrFrPrPrPrRrPOOCcOoOOoOoC Oo 


PrroOOOOoOCO Oo 


ooooo0o0°ooo0o79cjc°o 


oOooqoooooo0o & 


47 


48 


49 


50 


7 1 





0 0 0 0 0 
CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 4 
0 0 20 32 47 
0 0 58 719 86 
0 0 62 83 85 
0 0 42 80 76 
0 0 8 48 78 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 3 
0 0 19 32 £46 
0 0 57 #79 85 
0 0 61 #83. 85 
0 Oe 42 79 #«76 
0 0 8 47 #4278 
O 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 


CHEM. TIME (DAYS) 


lot tt tb uw de 


lou td tb uv de ue al 


0 0 
1 
~-15779E+09 
-15779E+09 
- 10180E+09 
-11782E+04 
- SJOO0O00E+01 
~-32258E+01 
320 
0 0 
0 0 
0 0 
3 0 
95 3 
93 15 
88 9 
45 7 
15 7 
18 7 
0 0 
1 


~15779E+09 
~-15779E+09 
-10180E+09 
-11782E+04 
- 50000E+01 
~32258E+01 
320 


0 0 
0 0 
0 0 
2 0 
94 3 
93 14 
87 3 
45 7 
14 7 
18 6 
0 0 

1 
-15779E+09 
-15779E+09 
-10498E+09 
-12150E+04 


OrFrPrPrPoOooooo oO 


OrrrPOOOOO OO 


ooo 0 0 00 0000 


ooooqooqo oO 0 000 0 
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TIME (YEARS) 

CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 3 4 
0 om 18 #30 47 
0 0 62 80 86 
0 0 62 82. 85 
0 0 46 81. 80 
0 0 8 51 #78 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 3 
0 e 17 #29 47 
0 0 61 #79 85 
0 0 62 81 84 
0 0 46 81 #479 
0 0 ja 951 4278 
0 0 0 0 0 
CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 

TIME (SECONDS) 

CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 

NO. MOVES COMPLETED 


ooOo0 Oo 
OOO © 
ooO0 0 
oO0 © 
oo0 © 


KH OO O 


- JOOOOE+01 
-33266E+01 
330 


\O 
WW 
ONNN ON WOOO OC 


1 
-15779E+09 
~-15779E+09 
-10498E+09 
~12150E+04 
- JOOOOE+01 
~-33266E+01 
330 


\O 
WwW 
ONNN ONDNWOOO OC 


1 
~-15779E+09 
-15779E+09 
-10816E+09 
~-12519E+04 
- SJOOO00E+01 
~-34274E+01 
340 


WwW Od oO 
ooO0 O° 


OrFrrrFOOOOOC 0 


OrroOOCOOCOOOOCO0C CO 


OOO © 


ooooooqooqooqooqooo 


oooo Qo0 00000 


ooO0 Oo 


LS 





3 3 * 
14 33 47 
56 80 86 
66 83 85 
43 81 79 

8 55 79 

0 0 0 


OOoO0O0O00 0 
Ooo 0O00 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 O 0 
0 0 0 O 0 
0 0 0 0 0 
0 0 3 2 3 
0 fe 14 32 47 
0 0 55 79 85 
0 0 65 82. 84 
0 0 42 80 £78 
0 0 7 54 #279 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 O 0 0 0 
0 0 0 0 0 
0 0 3 3 4 
0 0 18 26 £40 
0 0 59 79 86 
0 0 68 83 86 
0 0 43 80. 80 
0 0 8 55 79 
0 0 0 0 0 


O1 
N 
ON NN OW W 


1 
-15779E+09 
-15779E+09 


- LO816E+09 
~-12519E+04 
- SJOO0O00E+01 
~-34274E+01 
340 
0 0 
0 0 
0 0 
2 0 
94 2 
93 12 
87 9 
51 7 
14 7 
18 7 
0 0 
1 
-15779E+09 
-15779E+09 


~-11134E+09 
~-12887E+04 


- 50000E+01 

-35282E+01 
350 

0 0 

0 0 

0 0 

5 1 

80 3 

84 16 

60 13 

a7 7 

27 9 

18 6 

0 0 


OrPrPrPrROO 


OrFrrRPOOOOO0 Oo 


OrrPrrPOoOooOoo Oo 


oOo ooqo0o0 O 


oooooo0o0o0o0o0o Oo 


Ooo 0 00 0000 0 
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HEAD (FT) 


Za / 


23.i/ 


23.7 


23 J 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


238.7 


23% 7 


25.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


OBS.WELL NO. 


CONC. (MG/L) 


- 000 


3.034 


3.044 


3.054 


3.065 


3.075 


3.085 


3.095 


3.105 


3.215 


3.125 


32 3o 


3.145 


3.155 


3.165 


3.175 


3.185 


3.196 


3.206 


3.216 


3.226 


3.236 


3.246 


X 


TIME (YEARS) 


3 


10 


LL 


12 


13 


14 


£D 


16 


17 


18 


19 


20 


21 


22 
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23.7 


23.7 


23.7 


Zo 7 


go. /] 


2a.) 


23.7 


23.7 


23./ 


23./] 


23.7 


23.7 


23.7 


23.7 


23.7 


23./ 


23.7 


23./7 


23./] 


23.7 


23.7 


23./ 


3.256 


3.266 


3.276 


3.286 


3.296 


3.306 


3.317 


3eoe7 


3.337 


3.347 


3.357 


3.367 


3.377 


3.387 


3.397 


3.407 


3.417 


3.427 


3.437 


3.448 


3.458 


3.468 


3.478 


3.488 


3.498 


3.508 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


176 


49 

Bae7 10) 3.518 
50 

23.7 0 3.528 
OBS.WELL NO. X Y N 

HEAD (FT) CONC. (MG/L) TIME (YEARS) 
2 2 7 

0 

RO 0 .000 
1 

-4.1 62.1 3.034 
2 

-4.1 64.7 3.044 
3 

-4.1 64.5 3.054 
4 

-4.1 64.3 3.065 
5 

-4.1 64.1 3.075 
6 

-4.1 63.9 3.085 
7 

-4.1 63.7 3.095 
8 

-4.1 66.9 3.105 
9 

-4.1 66.7 3.115 
10 

-4.1 66.5 3.125 
11 

-4.1 64.8 3.135 
12 

-4.1 64.6 3.145 
13 

-4.1 66.8 3.155 
14 

-4.1 68.2 3.165 
15 

-4.1 67.9 3.175 
16 

-4.1 66.7 3.185 
17 

-4.1 66.5 3.196 
18 

-4.1 68.1 3.206 
19 

-4.1 67.9 3.216 
20 

-4.1 57.6 3.226 


Lay 








57.5 


597.5 


54.7 


57.4 


59.4 


DiS 


59.6 


62.1 


62.0 


61.9 


39.7 


59.6 


62.1 


62.0 


59.6 


59.5 


55.9 


399.9 


55.8 


55.7 


So. / 


95.6 


55.6 


55.5 


55.5 


56.9 


3.236 


3.246 


3.256 


3.266 


3.276 


3.286 


3.296 


3.306 


3.317 


3.a27/ 


3. 38i7 


3.347 


3.357 


3 3167 


3.377 


3.387 


3.397 


3.407 


3.417 


3.427 


3.437 


3.448 


3.458 


3.468 


3.478 


3.488 


Zi 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 
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HEAD (FT) 


CONC. 


58.8 


58.7 


59.1 


59.0 


3.498 


3.508 


3.518 


3229 


OBS.WELL NO. 


(MG/L) 


84.0 


84.1 


84.1 


84.1 


84.2 


84.1 


84.0 


83.8 


83.7 


83.7 


83.7 


83.6 


83.6 


83.6 


83.7 


83.7 


83.8 


83.9 


-000 


3.034 


3.044 


3.054 


3.065 


3.075 


3.085 


3.095 


3.105 


3.5205 


3.125 


3.135 


3.145 


3.155 


3.165 


3.175 


3.185 


3.196 


3.206 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


5 8 


10 


11 


12 


i Wes 


14 


15 


16 


17 


18 
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83.9 


84.0 


84.1 


84.1 


84.1 


84.1 


84.1 


84.1 


84.0 


84.0 


84.0 


83.9 


83.9 


83.9 


83.9 


S309 


83.9 


83.9 


83.9 


83.9 


84.0 


84.0 


3.0 


83.9 


85.4 


84.1 


3.216 


3.226 


3.236 


3.246 


3.256 


3.266 


3.276 


3.286 


3.296 


3.306 


3.317 


3 oy 


3.337 


3.347 


3.357 


3.367 


3.377 


3.387 


3.397 


3.407 


3.417 


3.427 


3.437 


3.448 


3.458 


3.468 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


2g 


30 


a1 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


180 


HEAD (FT) 


81.8 


82.3 


83.0 


84.4 


84.4 


84.0 


3.478 


3.488 


3.498 


3.508 


3.518 


3.528 


OBS.WELL NO. 


CONC. (MG/L) 


- 000 


3.034 


3.044 


3.054 


3.065 


3.075 


3.085 


3.095 


3.105 


3.115 


3.125 


3.1235 


3.145 


3.155 


3.165 


3.175 


3.185 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


8 9 


10 


11 


12 


13 


14 


15 


16 


181 


3.196 


3.206 


3.216 


3.226 


3.236 


3.246 


3.256 


3.266 


3.276 


3.286 


3.296 


3.306 


3.317 


3.327 


3.3357 


3.347 


3.307 


3.367 


yor at 


3.387 


32397 


3.407 


3.417 


3.427 


3.437 


3.448 


ay 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


eal 


32 


33 


34 


35 


36 


a7 


38 


39 


40 


41 


42 
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7.6 1.2 
7.6 1.2 
7.6 Tee? 
7.6 ae 
7.6 1.2 
7.6 ee 
7.6 es 
7.6 1 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 


oooooooqooo0o 30 


owe k=) 


CHEM. TIME (DAYS) 


TIME (YEARS) 


CHEM. TIME (YEARS ) 
NO. MOVES COMPLETED 


ooooooqoooqooo°o 


CHANGE IN CONCENTRATION 


Wooded 
NOOO 0 
& Oecd oO 


18 30 42 
65 78 80 
62 84 88 
48 80 82 
8 58 fie 
0 0 0 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS ) 


CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 


TIME (YEARS) 


CHEM. TIME ( YEARS) 
NO. MOVES COMPLETED 


OO Oo 


oO Oo 
oOo 
oieke) 


3.458 
3.468 
3.478 
3.488 
3.498 
3.508 
3.518 
3.528 
1 
-15779E+09 
-15779E+09 
~-11452E+09 
~13255E+04 
- 50000E+01 


- 36290E+01 
360 


0 0 0 
0 0 0 
0 0 0 
1 3 0 
34 94 3 
88 92 6 
82 80 9 
87 46 10 
LS S)e) 7 
71 21 8 
0 0 0 
1 
~ 157795109 
~-15779E+09 
~-11452E+09 
~-13255E+04 
- 50000E+01 
- 36290E+01 
360 
0 0 0 
0 0 0 
0 0 0 


OrFrrPrPrrFOoOOoOOoO Oo 


OO Oo 


ooooqoooqooqooqoo0co oe 


OO Oo 


43 


44 


45 


46 


47 


48 


49 


50 
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0 0 0 0 0 
0 0 3 2 3 
0 0 16 29 41 
0 0 65 a7 80 
0 0 61 84 87 
0 0 48 79 82 
0 0 7 58 79 
0 0 0 0 0 
CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


WOOdO OO 
OOO O 


18 33 36 
67 79 81 
63 84 87 
92 80 84 
7 58 80 
0 0 0 


@eo@ecodcdoqooqoodqdd 
oooooooooo °O 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 


TIME (YEARS) 

CHEM . TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 3 
0 37 “ee 26 
0 oo F 78 80 
0 » GG em 6 
0 ¢ © we 63 
0 0 7 we 79 
0 0 0 0 0 


MP OOo 


a7 
90 
88 
80 
80 
70 

0 


3 0 
94 3 
94). 6 
80 8 
46 9 
38 6 
Pat 7 
0 0 
1 
- 157 7 9EHOS 
-15779E+09 
~11770E+09 
~13623E+04 
- 5S0000E+01 
~-37298E+01 
370 
0 0 
0 0 
0 0 
3 0 
95 3 
93 16 
75 9 
a2 7 
17 8 
31 7 
0 0 
i 
~-15779R09 
LO 79E TOS 
~11770E+09 
~13623E+04 
- 50000E+01 
.3/296Et+01 
370 
0 0 
0 0 
0 0 
3 0 
94 3 
92 16 
74 9 
Si a 
16 7 
31 6 
0 0 


Oo eee Fe CO @OsOsOee@ oF ke Oo CO @Gs@ 


oH & OO 6 OO @ O 


oO 0O 0000 0 


oooooooo 00 0 


oOo oo 0o 0 00000 
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_= 






‘ ‘ o=({ 
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CONCENTRATION 


NUMBER OF TIME STEPS 1 


DELTA T .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .12089E+09 
CHEM. TIME (DAYS) =  .13991E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .38306E+01 
NO. MOVES COMPLETED = 380 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 
0 0 3 2 4 31 95 3 
0 0 23 31 45 #90 93 6 
0 0 68 77 484 89 88 8 
0 0 62 85 84 82 61 8 
0 0 53 81 83 #80 £17 6 
0 0 7 59 80 72. 25 8 
0 0 0 0 0 0 0 0 
CHANGE IN CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .12089E+09 
CHEM. TIME (DAYS) =  .13991E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .38306E+01 
NO. MOVES COMPLETED = 380 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 3 0 
0 0 2 2 3 31 94 2 
0 0 22 30 44 89 = 93 6 
0 0 68 76 84 89. 87 8 
0 0 62 84 84 81 61 7 
0 0 52 80 83 79 16 6 
0 0 7 58 79 #71 «24 7 
0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .12407E+09 
CHEM. TIME (DAYS) =  .14360E+04 
TIME(YEARS) =  .50000E+01 


ONFPrPrRPOOOOOC OC 


OrrrFoOoOooCoOoOOoOo Oo 


ooooo oo 0000 


oooooo0o0o0o;co°o 
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CHEM. TIME (YEARS) 

NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 3 4 
0 0 5 30 40 
0 0 70 78 85 
0 0 61 84 86 
0 0 48 81 82 
0 0 7 59 81 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 3 
0 0 14 30 £40 
0 0 69 77 84 
0 0 60 84. 85 
0 oe 47 +80 82 
0 0 7 58 80 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 


NO. MOVES COMPLETED 


oOoo0o0 Oo 
ooOo0o0O°O 
Wooeoeo 
NOOO SO 
& OOO Oo 


Nr OOO 


-39314E+01 
390 
0 0 
0 0 
0 0 
3 0 
95 3 
93 16 
88 8 
60 8 
13 7 
21 7 
0 0 
1 
-15779E+09 
~-15779E+09 
-12407E+09 
-14360E+04 
- 50000E+01 
~-39314E+01 
390 
0 0 
0 0 
0 0 
3 0 
94 2 
96 15 
88 8 
59 fi, 
Ls 6 
21 6 
0 0 
1 
-15779E+09 
-15779E+09 
© 12725E+09 
~-14728E+04 
- 50000E+01 
-40322E+01 
400 
0 0 
0 0 
0 0 
3 0 
95 3 


ONFrFFrFrRPOOOO0O CO 


OrrrROOOOOOC Oo 


oOoOoO0O0 © 


Oo0o0ooqo0qo0oO 000 0 


oooqooooooo0o © 


oOooOo0o0 0 
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oOo0o00 0 


HEAD 


o0oO0 00 © 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


at. 7 


Z2a07 


eo. 7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


2047 


(FT) 


ONnN OOS 


OBS.WELL NO. 


CONC. (MG/L) 


TIME (YEARS) 


- 000 


3.538 


3.548 


3.558 


3.569 


3.579 


3.589 


3.599 


3.609 


3.619 


3.629 


3.639 


3.649 


3.659 


3.669 


3.679 


3.690 


3.700 


3.710 


OrPrPRPRPO 


OoOO0O000 © 


10 


me 


AP 


13 


14 


15 


16 


17 


18 


19 
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23.7 


Zoe! 


23.7 


PS OEE | 


23.7 


23.7 


(io OO | 


23.7 


23.7 


25.7 


ao. / 


23.7 


23.7 


23.7 


Z3./] 


2307 


23./ 


2a. / 


23.7 


23./] 


Zo.) 


23.7 


23.7 


2a. 7 


237 


23.7 


3.720 


3.730 


3.740 


3.750 


3.760 


3.770 


3.780 


3.790 


3.800 


3.810 


3.821 


3.831 


3.841 


3.851 


3.861 


3.871 


3.881 


3.891 


3.901 


3.911 


33921 


3 #98. 


3.942 


6 Ps) 2) 


3.962 


3 92 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 
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23.7 


23.) 


23.7 


23.7 


Zo. / 


23./ 


HEAD (FT) 


-O 


3.982 


3.992 


4.002 


4.012 


4.022 


4.032 


OBS.WELL NO. 


CONC. (MG/L) 


99.0 


60.9 


60.8 


61.4 


61.3 


62.1 


63.2 


63.1 


65.6 


65.4 


64.1 


64.0 


63.8 


65.0 


64.8 


65.9 


-000 
3.538 
3.548 
3.558 
3.569 
3.379 
3.589 
BS oe, 
3.609 
3.619 
3.629 
3.639 
3.649 
3.659 
3.669 
3.679 


3.690 


46 


47 


48 


49 


50 


X Y N 


TIME (YEARS) 


2 a 


10 


JLT, 


12 


13 


14 


15 


16 


7 
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67.2 


67.1 


67.5 


67.3 


67.2 


67.0 


65.4 


65.3 


65.1 


65.0 


64.8 


64.6 


68.7 


68.2 


68.0 


67.8 


67.7 


68.9 


68.7 


68.5 


70.2 


70.0 


69.8 


69.6 


69.4 


69.2 


3.700 


3.710 


3.720 


3.730 


3.740 


3.750 


3.760 


3.770 


3.780 


3.790 


3.800 


3.810 


3.821 


3.831 


3.841 


3.851 


3.861 


3.871 


3.881 


3.891 


3.901 


3 2111 


3.928 


3. Gaal 


3.942 


3.232 


18 


ig 


20 


21 


22 


23 


24 


25 


26 


PAS | 


28 


29 


30 


31 


32 


33 


34 


35 


36 


oe 


38 


39 


40 


41 


42 


43 


190 





HEAD (FT) 


CONC. 


71.5 3.962 
44 

71.3 5672 
45 

qa 3.982 
46 

70.0 3.992 
47 

69.8 4.002 
48 

71.4 4.012 
49 

72.2 4.022 
50 

72.0 4.032 
OBS.WELL NO. X Y N 

(MG/L) TIME (YEARS) 
3 5 8 

0 

.0 .000 
1 

83.7 3.538 
2 

84.0 3.548 
3 

85.0 3.558 
4 

84.8 3.569 
5 

85.0 3.579 
6 

84.8 3.589 
7 

84.6 3.599 
8 

85.7 3.609 
9 

86.3 3.619 
10 

87.0 3.629 
aL 

87.0 3.639 
12 

87.0 3.649 
13 

85.3 3.659 
14 

84.3 3.669 


ES 


191 


82.6 


82.5 


Sales DS 


80.7 


80.4 


79.9 


79.2 
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78.8 


79.0 


78.6 


79.6 


80.3 


80.8 


81.0 


81.6 


82.1 


82.5 


83.2 


83.4 


83.6 


84.1 


84.1 


84.1 


84.1 


84.2 


3.679 


3.690 


3.700 


3.710 


3.720 


3.730 


3.740 


3.750 


3.760 


3.770 


3.780 


3.790 


3.800 


3.810 


3.821 


3.831 


3.841 


3.851 


3.861 


3.871 


3.881 


3.891 


3.901 


JIL IE 


3.922 


32952 


16 


17 


18 


ig 


20 


2 


22 


23 


24 


22 


26 


27 


28 


20 


30 


31 


32 


33 


34 


BS, 


36 


37 


38 


39 


40 


41 


EZ 





HEAD (FT) 


84.1 


84.0 


Gsr9 


$3.7 


83.7 


83.7 


S27 


83.6 


83.6 


83.7 


3.942 


3.952 


3.962 


3.972 


3.982 


3.992 


4.002 


4.012 


4.022 


4.032 


OBS.WELL NO. 


CONC. (MG/L) 


-000 


3.538 


3.548 


3.558 


3.569 


32579 


3.589 


3.599 


3.609 


3.619 


3.629 


3.639 


3.649 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


8 2 


10 


JEE 


12 


13 


193 





3.659 


3.669 


3.679 


3.690 


3.700 


3.710 


3.720 


3.730 


3.740 


3.750 


3.760 


3.770 


3.780 


3.790 


3.800 


3.810 


3.821 


3.831 


3.841 


3.851 


3.861 


3.871 


3.881 


3.891 


3.901 


Siete din 


14 


15 


16 


17 


18 


19 


20 


Zi 


22 


23 


24 


25 


26 


27 


28 


22 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 
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oo ooo o0o 000 O 


7.6 


CONCENTRATION 


NUMBER OF TIME STEPS 


CHEM. TIME (DAYS) 


DELTA T 


TIME (SECONDS) 
CHEM. TIME (SECONDS) 


TIME (YEARS) 
CHEM. TIME (YEARS) 

NO. MOVES COMPLETED 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 3 3 4 

0 13 30 £445 

0 65 80 86 

0 68 83. 85 

0 51 82. 80 

@ 12 #61 #77 

0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


CHEM. TIME (DAYS) 


DELTA T 


TIME (SECONDS) 
CHEM. TIME (SECONDS) 


unr td vw veue dl 


1 


3.921 


32938 


3.942 


3-952 


3.962 


3-972 


3.982 


3.992 


4.002 


4.012 


4.022 


4.032 


~-15779E+09 
~-15779E+09 
~-13043E+09 
- 15096E+04 
- 50000E+01 
~-41331E+01 


410 


1 


ONnNN ON OOOOO 


-15779E+09 
~-15779E+09 
-13043E+09 
- 15096E+04 


OrrrPrPOOOOOC Oo 


Ooo0coOo0Oo0Qo0O 000 0 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 
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TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 3 
0 o 12 30 45 
0 0 65 79 85 
0 0 67 #4282. 85 
0 0 51 #81 #79 
0 Be ll 61 #77 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 


CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 4 
0 0 20 34 38 
0 0 65 80 86 
0 0 67 84 85 
0 0 52 82 US 
0 0 12 62 12, 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


ooo °o 
oo0O°O 
ooo oO 
oo0°0O 
ooo 0 


oo0O Oo 


ooO0 0 


- 5|0O000E+01 
~-41331E+01 
410 


Ww Ooo 


\O 
UJ 
OANNWDAWOWOO0O OC 


1 
-15779E+09 
-15779E+09 
»13361E+09 
-15464E+04 
- 50000E+01 
~-42339E+01 
420 


\O 
oN) 
a 
ONN WOWOUWOOO SO 


1 
-15779E+09 
~-15779E+09 
-13361E+09 
-15464E+04 
- 50000E+01 
~-42339E+01 
420 


WOOO 
ooo °0 


OrrRRrPOOGOOOO0 OC 


OrPrRrrRPrRPOOOOO Oo 


ooo 0 


Ooooooqo0Oo000 0 


oOooooooqoo0o0 © 


OOO Oo 
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0 0 3 2 3 
0 o 19 #33 38 
0 0 64 79 85 
0 0 67 #4283 84 
0 0 51 82 #79 
0 0 11 #61 #79 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 5 
0 0 21 26 53 
0 0 61 #80. 86 
0 0 70 #83. 85 
0 0 49 82 #79 
0 oF mm 64 #=79 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 

TIME (SECONDS) 
CHEM. TIME (SECONDS) 

CHEM. TIME (DAYS) 

TIME (YEARS) 

CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 1 4 
0 0 20 26 ~~ 53 
0 0 61 #79 85 
0 0 69 #83. 85 
0 0 48 81 79 
0 e im 64 #=79 
0 0 0 0 0 


CONCENTRATION 


On 
~ 
OANA OU W 


1 
~-15779E+09 
~-15779E+09 
-13679E+09 


-15832E+04 
- 50000E+01 
~-43347E+01 
430 
0 0 
0 0 
0 0 
4 0 
87 3 
85 8 
88 13 
64 9 
27 i 
17 7 
0 0 
1 
-15779E+09 


~-15779E+09 
-13679E+09 
-15832E+04 


- 50000E+01 

~-43347E+01 
430 

0 0 

0 0 

0 0 

3 0 

86 3 

85 8 

87 13 

64 9 

27 7 

17 7 

0 0 


of = 2 6 co o> 


OrrFPrrPOOOOO Oo 


OrrrFOOOOO0C O 


ooooo0co 0° 


ooooo oo oqooqooo 


oooooooooo 0 
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NUMBER OF TIME STEPS 


DELTA T 

TIME (SECONDS) 
CHEM. TIME (SECONDS) 

CHEM. TIME (DAYS) 

TIME (YEARS) 

CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 O 
0 0 0 0 0 
0 0 3 2 5 
0 0 21 #28 ~ 53 
0 0 65 #80. 82 
0 0 68 84. 88 
0 0 53 #481. 82 
0 0 11 64 #4278 
0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 
CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 2 2 4 
0 0 20 27 ~~ 53 
0 0 65 79 82 
0 8 67 4 °& 87 
0 0 53 81 81 
0 Bp 11 64 #78 
0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 
TIME (YEARS) 


CHEM. TIME ( YEARS) 


loud be ue i 


lou wu 


Vi 
-15779E+09 
~-15779E+09 
-13997E+09 


- L6201E+04 
- 50000E+01 
~-44355E+01 
440 
0 0 
0 0 
0 0 
3 0 
93 3 
87 25 
68 10 
51 12 
39 8 
17 7 
0 0 
1 
-15779E+09 
-15779E+09 
-13997E+09 
-16201E+04 
- 50000E+01 
-44355E+01 
440 
0 0 
0 0 
0 0 
3 0 
93 3 
86 25 
67 10 
51 11 
38 8 
17 7 
0 0 
1 
-15779E+09 
-15779E+09 


-14315E+09 
- 16569E+04 
- 50000E+01 
-45363E+01 


OrFrrFrFrFOOOO Oo 


OrFrFrFOOOOO0O OO 


ooo oqo Qo 0 0000 0 


oOoooqooqooqooqoooqo0 © 
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ooo 0o 00 0000 0 


HEAD 


ooo ogo 0 0 00 000 


23.7 


23.7 


23.7 


23a / 


23.7 


23.7 


23.7 


23.7 


23./ 


23.7 


23.7 


Zo. / 


23.7 


23.7 


23.7 


(FT) 


450 

0 0 

0 0 

0 0 

1 3 
28 95 
89 93 
86 78 
83 43 
77 29 
72 26 

0 0 


ON WOON WOOO 0 


OBS.WELL NO. 


CONC. (MG/L) 


TIME (YEARS) 


- 000 


4.042 


4.052 


4.062 


4.073 


4.083 


4.093 


4.103 


4.113 


4.123 


4.133 


4.143 


4.153 


4.163 


4.173 


4.183 


OrrrrPrFraocococeo 


oOo ooo oqo0o 00 © 


10 


11 


12 


13 


14 


15 


LO? 





Zon / 


23.7 


23.7 


23.7 


23.7 


Zoe / 


23.7 


re Pe | 


23.7 


Z35./ 


23.7 


23.7 


2o./ 


23.7 


23.7 


23.7 


23.7 


23% / 


ane T 


23.7 


23.7 


2a. 7 


Zo./ 


23.7 


23.7 


23.7 


4.194 


4.204 


4.214 


4.224 


4.234 


4.244 


4.254 


4.264 


4.274 


4.284 


4.294 


4.304 


4.315 


4.325 


4.335 


4.345 


4.355 


4.365 


4.375 


4.385 


4.395 


4.405 


4.415 


4.425 


4.435 


4.446 


16 


17 


18 


19 


20 


Pat 


22 


23 


24 


25 


26 


Pe | 


28 


Zo 


30 


31 


32 


33 


34 


35 


36 


a7 


38 


39 


40 


41 
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aoe 


23.7 


23.7 


23.7 


25] 


23.7 


23.7 


23.7 


23.7 


HEAD (FT) 


-O 


4.456 


4.466 


4.476 


4.486 


4.496 


4.506 


4.516 


4.526 


4.536 


OBS.WELL NO. 


CONC. (MG/L) 


yg 


70.9 


72.0 


7 ew 


63.9 


63.8 


63.7 


61.5 


63.5 


65.0 


64.9 


64.7 


66.7 


-000 


4.042 


4.052 


4.062 


4.073 


4.083 


4.093 


4.103 


4.113 


4.123 


4.133 


4.143 


4.153 


4.163 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


2 7 


10 


11 


12 


13 
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66.5 


66.4 


64.8 


64.7 


66.7 


66.5 


64.7 


64.5 


61.8 


61.7 


61.6 


61.5 


61.4 


61.3 


61.2 


61.1 


61.0 


62.2 


63.8 


63.7 


64.0 


63.9 


63.7 


65.2 


65.1 


65.6 


4.173 


4.183 


4.194 


4.204 


4.214 


4.224 


4.234 


4.244 


4.254 


4.264 


4.274 


4.284 


4.294 


4.304 


4.315 


4.325 


4.335 


4.345 


4.355 


4.365 


4.375 


4.385 


4.395 


4.405 


4.415 


4.425 


14 


15 


16 


Ly 


18 


1g 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


ol 


32 


33 


34 


35 


36 


By | 


38 


39 


202 





HEAD (FT) 


CONC. 


65.4 


66.1 


67.0 


66.8 


68.9 


68.8 


67.9 


67.7 


67.5 


68.4 


68.2 


4.435 


4.446 


4.456 


4.466 


4.476 


4.486 


4.496 


4.506 


4.516 


4.526 


4.536 


OBS.WELL NO. 


(MG/L) 


$3.7 


83.9 


83a 


83.9 


84.0 


84.1 


84.1 


84.1 


84.1 


84.1 


84.1 


-000 


4.042 


4.052 


4.062 


4.073 


4.083 


4.093 


4.103 


4.113 


4.123 


4.133 


4.143 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


5 8 


10 


11 


203 


83.9 


83.9 


83.9 


83.9 


83.9 


83.9 


83.9 


83.9 


84.0 


84.0 


83.9 


83.9 


85.5 


84.1 


81.8 


82.3 


83.0 


84.4 


84.4 


84.0 


83.7 


84.0 


4.153 


4.163 


4.173 


4.183 


4.194 


4.204 


4.214 


4.224 


4.234 


4.244 


4.254 


4.264 


4.274 


4.284 


4.294 


4.304 


4.315 


4.325 


4.335 


4.345 


4.355 


4.365 


4.375 


4.385 


4.395 


4.405 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


204 





HEAD (FT) 


85.1 


84.9 


85.0 


84.8 


84.6 


85.8 


86.3 


87.0 


87.0 


87.0 


85.3 


84.3 


82.6 


4.415 


4.425 


4.435 


4.446 


4.456 


4.466 


4.476 


4.486 


4.496 


4.506 


4.516 


4.526 


4.536 


OBS.WELL NO. 


CONC. (MG/L) 


-000 


4.042 


4.052 


4.062 


4.073 


4.083 


4.093 


4.103 


4.113 


4.123 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


X Y N 
TIME (YEARS) 


8 9 


205 








4.133 


4.143 


4.153 


4.163 


4.173 


4.183 


4.194 


4.204 


4.214 


4.224 


4.234 


4.244 


4.254 


4.264 


4.274 


4.284 


4.294 


4.304 


4.315 


4.325 


4.335 


4.345 


4.355 


4.365 


4.375 


4.385 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


PAIN 


22 


23 


24 


25 


26 


Pa | 


28 


29 


30 


31 


32 


33 


34 


35 


206 
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36 
7.6 as 4.395 
37 
7.6 IDS 2 4.405 
38 
7.6 2 4.415 
39 
7.6 eye 4.425 
40 
7.6 Is 4.435 
41 
7.6 1.3 4.446 
42 
7.6 133 4.456 
43 
7.6 13 4.466 
44 
7.6 1.3 4.476 
45 
7.6 1.3 4.486 
46 
7.6 Tes 4.496 
AT 
7.6 ees 4.506 
48 
7.6 1.3 4.516 
49 
7.6 IDES 4.526 
50 
7.6 1.4 4.536 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T = .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .14634E+09 
CHEM. TIME (DAYS) = .16937E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .46371E+01 
NO. MOVES COMPLETED = 460 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 aL 3 0 0 0 
0 3 D 3 29 495 9 0 0 
0 12 #21 #46 90 93 7 0 0 
0 68 78 #83 #488 83 8 iL 0 
0 70 85 86 79 58 7 iL 0 
O57 ) eae 83 283 «(18 8 1 0 
0 11 #66 #79 ##$71 + 226 7 iL 0 
0 0 0 0 0 0 0 0 0 
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CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS = i 
DELTA T = .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .14634E+09 
CHEM. TIME (DAYS) = .16937E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .46371E+01 
NO. MOVES COMPLETED = 460 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 O 0 0 0 2 0 0 0 
0 0 3 2 Seo BOA 9 0 0 
0 0 12 #20 46 89 92 7 0 0 
0 0 68 77 #283 #488 82 8 0 0 
0 0 69 85 85 78 57 7 iL 0 
0 i se 81 8S 83 17 7 1 0 
0 0 10 66 #79 71 426 7 il 0 
0 0 0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = iL 
DELTA T = .15779E+09 
TIME(SECONDS) =  .15779E+09 
CHEM.TIME(SECONDS) = .14952E+09 
CHEM. TIME (DAYS) = .17305E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) = .47379E+01 
NO. MOVES COMPLETED = 470 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 0 0 
0 0 3 2 3. 30 £95 3 0 0 
0 0 17 #32 #47 #90 93 14 0 0 
0 6 me 77 #4+%x84 89 £88 9 a 0 
0 0 68 84 86 84 51 7 aL 0 
0 Oo Sie «@2 #82 #6978 #14 6 1 0 
0 om 10 #«967~60CO 80 02Ci738tts33 7 2 0 
0 0 0 0 0 0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) =  .14952E+09 
CHEM. TIME (DAYS) =  .17305E+04 
TIME(YEARS) =  .50000E+01 





CHEM.TIME(YEARS) = } .47379E+01 
NO. MOVES COMPLETED = 470 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 iL 2 0 
0 0 3 2 3 29 4294 3 
0 @ 16 #31 #47 +#+«+>189 93 13 
0 G wily 7 84 +89 87 8 
0 0 68 84 85 83 50 7 
0 0 50 82 82 78 14 6 
0 @ 108 “66 79 #=73~ «23 7 
0 0 0 0 0 0 0 0 
CONCENTRATION 


NUMBER OF TIME STEPS 1 


DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .15270E+09 
CHEM. TIME (DAYS) = .17673E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .48387E+01 
NO. MOVES COMPLETED = 480 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 1 3 0 
0 0 3 3 4 30 95 3 
0 S We 30 47 +2390 93 7 
0 0 73 79 85 90 88 9 
0 0 63 83 86 84 52 8 
0 = 51 82 80 79 #14 7 
0 0 16 67 #4281 #74 = 20 6 
0 0 0 0 0 0 0 0 
CHANGE IN CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) = .15270E+09 
CHEM. TIME (DAYS) = .17673E+04 
TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) = } .48387E+01 
NO. MOVES COMPLETED = 480 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 2 0 
0 0 3 2 3 29 494 3 


OrrRPrRPOOOCOOOO CO 


OrPrPrPrPOOOOCO SO 


OoOo0o0 CO 


oooooqo0o0oo0o0co ©o 


ooo oqo 0o 0 0 000 © 


oOO00 Oo 
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0 0 18 29 47 #4289 93 6 
0 0 Gs 79 &§5 90 87 8 
0 0 62 83 85 83 51 7 
0 0 51 81 80 79 14 7 
0 0 15 66 80 73 19 6 
0 0 0 0 0 0 0 0 
CONCENTRATION 
NUMBER OF TIME STEPS = 1 
DELTA T =  .15779E+09 
TIME(SECONDS) = .15779E+09 
CHEM.TIME(SECONDS) =  .15588E+09 
CHEM. TIME (DAYS) = .18042E+04 
TIME(YEARS) = .50000E+01 
CHEM.TIME(YEARS) = } .49395E+01 
NO. MOVES COMPLETED = 490 


0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0) 
0 0 0) 0 0 1 3 0 
0 0 3 3 4 29 95 3 
0 0 2 33 47 90 93 15 
0 0 67 79 86 90 88 9 
0 0 69 84 85 84 45 7 
0 0 51 82 76 81 15 7 
0 0 15 67 78 73 18 7 
0 0) 0 0 0 0 0 0 


CHANGE IN CONCENTRATION 


NUMBER OF TIME STEPS 
DELTA T 
TIME (SECONDS) 
CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 


1 
~-15779E+09 
~15779E+09 
- 15588E+09 
-18042E+04 


TIME(YEARS) =  .50000E+01 
CHEM.TIME(YEARS) =  .49395E+01 
NO. MOVES COMPLETED = 490 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 2 0 
0 0 3 2 3. 29 494 3 
0 0 20 32 46 90 93 14 
0 0 66 79 85 89. 87 9 
0 0 69 83 85 83 45 7 
0 55 sei Fe si i 7 
0 0 15 67 #78 $73 18 6 
0 0 0 0 0 0 0 0 


CONCENTRATION 


OrPrrOoOO 


OrPrrrPOOOOCOO Oo 


OrPrrPOOCOOOCOOCOC Oo 


oooo°0o°o 


ooooooqoqoqo°c°o 


oooooqo0o0°oeo0c°o 
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0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 3 2 4 
0 fo 22 23 52 
0 0 67 #480. 86 
0 0 70 83 85 
0 0 55 82. 80 
0 0 15 68 #4«78 
0 0 0 0 0 
HEAD (FT) CONC. (MG/L) 
-O -O 
25.7 sal 
2.7 0 
23.7 0 
23.7 0 
2.7 yal 
Bae 7 “0 
Be. 7 0 
28.7 0 
Pe 7 0 
Dag a0 
23127 0 


NUMBER OF TIME STEPS 


DELTA T 
TIME (SECONDS) 


CHEM. TIME (SECONDS) 
CHEM. TIME (DAYS) 


TIME (YEARS) 


CHEM. TIME (YEARS) 
NO. MOVES COMPLETED 


1 
-15779E+09 
-15779E+09 
-15779E+09 
-18263E+04 
- 5|0000E+01 
- JOOOOE+01 
496 

0 0 
0 0 
0 0 
3 0 
95 3 
93 14 
88 9 
52 7 
15 7 
18 7 
0 0 


OBS.WELL NO. 


TIME (YEARS) 


- 000 


4.546 


4.556 


4.567 


4.577 


4.587 


4.597 


4.607 


4.617 


4.627 


4.637 


4.647 


OrRPrFRrFrRPOOOO0O Oo 


oooooqooooo°o °o 


10 


dtl 


12 


ZA 


23.7 


23.7 


23.7 


oo./ 


23.7 


23.7 


23.7 


25.7 


23./ 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23. / 


23). 7 


26.7 


23.7 


2a. 7 


Za. 7 


23.7 


23.7 


23.7 


23.7 


4.657 


4.667 


4.677 


4.687 


4.698 


4.708 


4.718 


4.728 


4.738 


4.748 


4.758 


4.768 


4.778 


4.788 


4.798 


4.808 


4.819 


4.829 


4.839 


4.849 


4.859 


4.869 


4.879 


4.889 


4.899 


4.909 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Sal 


32 


33 


34 


35 


36 


37 


38 


212 





23.7 


23.7 


Ze | 


23.7 


23.7 


23.7 


23.7 


23.7 


Aa | 


HEAD (FT) 


ot 


4.919 


4.929 


4.940 


4.950 


4.960 


4.970 


4.980 


4.990 


5.000 


OBS.WELL NO. 


CONC. (MG/L) 


69.1 


70.2 


70.0 


70.4 


70.2 


70.0 


69.8 


68.6 


68.4 


68.3 


68.1 


67.9 


67.7 


-000 


4.546 


4.556 


4.567 


4.577 


4.587 


4.597 


4.607 


4.617 


4.627 


4.637 


4.647 


4.657 


4.667 


39 


40 


41 


42 


43 


44 


45 


46 


X Y N 
TIME (YEARS) 


2 7 


10 


11 


12 


13 


14 
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71.6 


Tee 2 


71.0 


70.8 


70.6 


71.6 


71.4 


71.2 


72.6 


72.4 


72.1 


71.9 


71.7 


TESS 


73.5 


73.3 


73.0 


72.2 


72.0 


Cor2 


73.9 


73.6 


72.9 


72.7 


73.5 


133 


4.677 


4.687 


4.698 


4.708 


4.718 


4.728 


4.738 


4.748 


4.758 


4.768 


4.778 


4.788 


4.798 


4.808 


4.819 


4.829 


4.839 


4.849 


4.859 


4.869 


4.879 


4.889 


4.899 


4.909 


4.919 


4.929 


15 


16 


17 


18 


19 


20 


21 


22 


Zo 


24 


25 


26 


og. 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 
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HEAD (FT) 


CONC. 


66.6 


66.5 


66.4 


64.5 


66.2 


67.4 


67.3 


4.940 


4.950 


4.960 


4.970 


4.980 


4.990 


5.000 


OBS.WELL NO. 


(MG/L) 


82.5 


81.5 


80.7 


80.4 


79.9 


T1982 


79.2.3 


78.8 


79.0 


78.6 


79.7 


80.3 


80.8 


81.0 


81.6 


- 000 


4.546 


4.556 


4.567 


4.577 


4.587 


4.597 


4.607 


4.617 


4.627 


4.637 


4.647 


4.657 


4.667 


4.677 


4.687 


4l 


42 


43 


44 


45 


46 


X Y N 
TIME (YEARS) 


5 8 


10 


11 


12 


13 


14 


15 


16 


Zid 





82.1 


82.5 


83.2 


83.4 


83.6 


84.1 


84.1 


84.1 


84.1 


84.2 


83.9 


83.8 


83.7 


83.7 


83.7 


83.6 


83.6 


83.7 


83.7 


83.9 


83.9 


83.9 


84.0 


84.1 


4.698 


4.708 


4.718 


4.728 


4.738 


4.748 


4.758 


4.768 


4.778 


4.788 


4.798 


4.808 


4.819 


4.829 


4.839 


4.849 


4.859 


4.869 


4.879 


4.889 


4.899 


4.909 


4.919 


4.929 


4.940 


4.950 


17 


18 


19 


20 


21 


Paved 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


2is6 


HEAD (FT) 


84.1 


84.1 


84.1 


84.1 


84.1 


4.960 


4.970 


4.980 


4.990 


5.000 


OBS.WELL NO. 


CONC. (MG/L) 


- 000 


4.546 


4.556 


4.567 


4.577 


4.587 


4.597 


4.607 


4.617 


4.627 


4.637 


4.647 


4.657 


4.667 


4.677 


4.687 


4.698 


4.708 


43 


44 


45 


46 


X Y N 
TIME (YEARS) 


8 9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


27 





4.718 


4.728 


4.738 


4.748 


4.758 


4.768 


4.778 


4.788 


4.798 


4.808 


4.819 


4.829 


4.839 


4.849 


4.859 


4.869 


4.879 


4.889 


4.899 


4.909 


4.919 


4.929 


4.940 


4.950 


4.960 


4.970 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Sel 


32 


33 


34 


Be) 


36 


a7 


38 


39 


40 


41 


42 


43 


44 
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4.980 


4.990 


5.000 


45 


46 
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